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ABSTRACT

The basic decontamination procedures (firehosing, motorized

flushing, and scrubbing) evaluated during the STONEMAN. T field tests

in 1956 provided a generally high fallout removal efi‘ectiveneas of
98 percent or more. This was due to. the visual rate-control which
allowed the recovery operations to progress only as fast as the

-simulated fallout material ‘appeared to be removed. For this reason
. the cost of recovery approached the mimum in terms of effort and "

water requirements.

S8ince in many situations thei'e may not be adequate water sup?
plies available for large-scale decontamination operations, it

- appeared desirable to lover the water consumption ard also the man-

pover effort, and supply requirements to determine the influence
on the decontamination effectiveness. A series of tests was » therea-
fore, conducted to improve the performance of wet decon‘eamimtion
procedures. Synthetic fallout made of tagged processed soils was
dispersed over pavements and roofs so as to simulate the deposition

of actual fallout resulting from land surface detonations of nuclear -

weapons. Removal effectiveness and effort dats were cbtained on
motorized flushing and firehosing of paved areas. Direct fire- -
hosing with fan-shapéd streams -and lob'bing of standard firestreams
were perfomd on roof areas.

The performance of motorized flushing was superior to that of
firehosing both from the standpoint ¢&f removel effectiveness and
effort expended. Portland cement concrete surfaces were consiste
ently easier to clean than asphaltlc concrete for either type of
decontamination procedure. An improvised street flusher attachment
was found to be satisfactory and its performauce was competitive
with the conventional flusher tested.

For roofing aurraces no rougher than composition shingles, lob-

" bing of firestreams from ground level appears to offer the same

degree of removal effectiveness as direct hosing at roof lavel -
vwhere roof slopes provide adequate drainage.

i



A mathematicsl model based upon theoretical considerations has
been developed for the comparative evaluation of decontamination
methods. With this model it is possible to assess wet decontami-
nation methods and to estimate the effect of various environmental
paraneters.
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SUMMARY

The Problem

To develop and evaluate reclamation techniques for land tergets
with emphasis on wet decontamination proced.ures such as motorized

flushing and firehosing.

Findings

Using processed soil as a synthetlc representation of the dry
fallout from nuclear weapons détonated on & land surface, removal
effectiveness and effort data were collected during the evaluation
of four basic procedures. Decontamination of large paved areas was
accomplished by motorized flushing (conventional and improvised) and
improved firehosing techniques. Composition shingle and built-up
tar and gravel rocfs were subjected to the direct action of fan-
shaped streams provided by 4tandard firehoses equipped with special -
nozzles. Lobbing of firestreams onto composition shingle roofs
from ground level was also tested. ' :

The perfomn.nee of motorized flushing was superior to that of
firehosing both from the standpoint of removal effectiveness and

- effort expended. Portland cement coficrete surfaces weére consistently
easier to clean than asphaltic contrete for either type of decontami-

nation procedure. The improvised street flusher design was found to
be feasible And its yerformance was competitiw v:l.th the conven‘bionl.l
flusher tested.

For roofing surfaces no rougher than ccmpition shingles, J\bb-'

bing of firestreams from ground level appears to offer the same deg-

ree of removal effectiveness as direct hosing at roof level where
roof Blopes provide adequate drainage. ‘ i,

. A mthemtica.l model based upon theoretical considerations has
been developed for the comparative evaluation of decontamination
methods. Using this model it is possible to assess wet decontami-
nation mthods and to estimate the effect of various environmental
parameters.
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CHAPTER 1

INTRODUCTION

1.1 BACKOROUND

The first experimental work on the decontamination of paved
areas and roofing surfaces which were contaminated with a dry fall-
out simulant was carried out in 1948. In Operetion Streetsweepl
an investigation was made to determine the effectiveness of a
mechanized street sweeper and & standard firehose in the removal
of large and small sized metallic particles from various types of
road surfaces. In Operation Supersweep? a study was made of the
effectiveness of hand sweeping and hosing in the removal of three
different particle size ranges of radiotantalum metal -from macadam
and concrete test samples. It was found in both of these ex- -
periments that the "wet® method was the more effective in removing
the particles. At Operation JANGLE3 in the vinter of 1951, experi-
ments were carried out on an asphalt road and on several buildings

~ that vere contaminated with a dry fallout from an underground nuclear

detonation. A subsequent analysis of the data from these tests by
Miller indioated that they were insufficient for proper evaluation
of the methols. - Of the "wet" methods evaluated, however, it was
found that high pressure hosing was the most- errective.

In 1956, the basic decontamination procedures (firehosing,
motorized flushing and scrubbing) were evelumted during the %)
STOREMAN T field testS utilizing tagged soils to simulate dry falil.
out. (Oenarally high recovery effectiveness (less than 2’4 remain-
ing) was cbtained at this series of tests. This was largely due
to the visual rnte-con'\brol employed in all recovery procedures.

The work was alloved to progress only as fast as the contaminant
appeared to be rmyed. ‘This procedure resulted in large expendi-
tures of effort associated with slow rates of operation and there-
fore the cost of recovery was very high in terms of-effort snd vater

1




requiremente. For instance, an average firehosing operation required
800 gallons per 1,000 f£t2 and motorized flushing 500 gallons per
1,000 ft2. With these water requirements, in a real situation there
may not be adequate water supplies avallable for large scele decon-
tamination operations. Therefore it was desirable to conduct tests
with lower water consumption and alsc with lower effort in manpower
and supply requirements to0 determine whether this would result in

& proportionate reduction in decontamination effectiveneas.

1.2 OBJECTIVE K

’ ' )
-The objective of the work described in this volume was "to deter-
mine the relationship between recovery effectiveness and those factors

-affecting operational efficiency in order to define optimum perform-

" ance characteristics of the basic decontamination procedures.”

1.3 SCOFE OF TEST

o The tests®* conducted on paved areas were limited to the evaluation
‘of the following procedures: (1) firehosing; (2) conventional motor-

"~ized flushing, and (3) improvised motorized flushing. Each procedure

vas evaluated for effectiveness in decontaminating asphaltic concrete

- and portland cement concrete surfaces.

The tests conducted on roofing areas vere limited to the evalu~
atuon of the following procedures: (1) firehosing and (2) lobbing.

. Bach procedure was evaluated for effectiveness in decontaminating

- composition shingle roofs while only direct- hosing was evaluated

using tar and gravel roofs.

Three contaminating conditionl were selected for a dry synthetlc
fallout material simulating the fallout resulting from & high-yield
(MP) land surface burst. These, in terms of nominal mass Adsposit
levels, vere: 10 grams/rt2, 33 grams/ft2 and 100 grams/ft2. These
mass levels correspond to dose rates of approximately 300 r/hr,

1,000 r/hr and 3,000 r/hr, all st one hour after burst.

®A description of the test site at Camp Btonemnn and the test sur-
faces can be found in Volume 15 of this series.




CHAPTER 2

DESCRIPTION OF TEST PROCEDURES AND MEASUREMENTS

2.1 BASIC PRINCIPLES OF WET DECONTAMINATION

2.1.1 General Description of the Decontamina.tion Process

Decontamina.tion of paved and roofing areas covered with fall-
out from land surface bursts consists of two processes: (a) loosen-
ing and/or removal of the debris from the surface, ‘(b) disposal of
the debris.

For solid particulate fallout typical of land surface ‘oursts »
gravity is one of the chief forces holding the larger particles to
the surface; for small mrticles other surface attraction forces
mey also be important. 'for this type of fallout most of the effort
in decontemination is expended in moving the partidles along a sur-
face and/or physically lifting them off the surface. Wet decontami-
nation procedures utilize +the force of the water stream impinging
upon the surface of the ares to dislodge and accelerate the particles

" froti & rest position; the resulting water flow over the surface “then
transports the particles to snother position of rest downstream or to

a near‘ny disposal area (sewers s eumps ,. d,itches ete.).

Certain factors are belicved trb influence the effect:lveneu
of wet decontamination methods and these can fall into two categories:
environmental and cperational. Environmental factors include items
such as contaminant properties, surface characteristics, drainage
conditions, veather conditions - factors that are not controlléd by
recovery teams. Operational factors, however, are more rea.dily eon-
trolled and, within reasonable limits, may be adjusted toward gain--
ing improved performance in the basic decontamipation procedures.

\\‘hose operational factors believed to influence removal

‘ effectiveness the most are: (a) the energy of high velocity streams,

3




(b) the stream pattern, (c) the operating rate, (d) the design of
the equipment, and (e) the procedural application. Although these
factors are interrelated; they can be discussed individually.

2.1.2 Energy of Fluid Streams

From STONEMAN I tests’ the loosening and transport of con-
taminant (in the form of soill particles) by the action. af high
veloclty firehcose streams was found to be confined almost solely
t0 the impact region. For the heavy initial deposits and water
flow rates used, the run-off water was not sufficlent to transport
the dense dirt particles much beyond the stream jmpact region. The
movement of the particles from the area struck by the stream appar-
ently vas dependent primarily upon the kinetic energy of the water
stream at the surface. The energy, W, of the stream per unit area
of surface is given by :

Ve PT/A :  (24)

where P is the stream power in ft-lb/hiin-, A is the area covered by
the stream in Bq £+, and T is the time in min that the stream steys
_on the area, A, “

The kinetic power, P, of & nozzled water jet in terms of its
hydreaulic parameters is ‘

P = k1R . (2.2)

vhere k; is a constant almost equal to unity, p is the nozzle pres-
sure, and Q is the water flow rate through the nozzle. The flow
‘rate, @ is equal to the product of the nozzle tip area times the jet
velocity; also, Q varies as pL/2. If these relationships are sub-
stituted in Eq. 2.2 and then.into Eq. 2.1, it becomes .

1

W = Igepd/( T/n) q S (2a3)
or ' e |
WekepW(T/A) (2

where kp is a constant, a is tne nozzle tip ares, and V is the jet

velocity. Eq. 2.3 shows that for a given nozzle tip area the energy

- increases &3 pJ/2 and hence it would be advantageous to use the

highest possible nozzlée pressure. On the other hand, it is desirable

to keep the flow rate down to conserve water. This can be done by

decreasing the nozzle tip area. Since the tip area can be made as
.

]+ )
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small as desired, the available pressure becomes the limiting factor
in achleving a given stream kinetic energy on the surface.

2.1.3 Stream Pattern

Two approathes have existed for some time with regard to stream
pattern. The first is based on the tightly confined cylindrical water
Jets as typified by firehose streams; these are often called "hard"
streams. BSuch streams deliver maximum impact per unit surface area,
especially at close range (6 to 8 feet), before the jet has had a
chance to spread. Effective cleaning by streams of this type dim-
inishes at the fringe of the impact region.

The second &pproach to stream pattern has been that represented
by flate-wlde jets. These streame strike the surface in a broad but
thin front and make contact with the particles essentially along the
line of the stream front. Such an action seems to make best use of
the available water in transmitting its energy to the maximum number
of particles. On the other hand, this pattern is not believed to
provide adequate water flow to traneport large quantities of particles.

It appears that a combindtion of the best features of each pat-
tern would give a stream providing meximum removal potential

2.1.4 ggerﬁtigg Rate

. The operating rate, R, is the same as A/T of Eq.v 2.1 Substie
tuting :I.t in Eq. 2.3 gives

g 2 e
where k, = kja, since a is constant for a given nozzle. Thus the total

streanm energy applied to the area covered by the stream is inversely
proportional to the rate. If the energy reqiired to displace a unit
mass of particles from the area A is w', and the amount displaced is
Mg-M (Mg is the initial mass deposited in gms/sq ft and M is the mass
of particles per unit area not displaced), then the energy required for
the. displacement is i

W' omowt (M -M) (2.6)

For W' and W to be equal, the correct value of R must be selected.

If R is too low, water is wasted. If R is too large, M will increase.:




L

If the ratio W'/W (required energy to applied energy) is defined
as an efficiency, €, then the rate required is given by

€x 1:,3/2
R¥* = W_'(%OTMT : (2.7)

Equation 2.7 indicates t, for a constant € and w!, the required rate
varies directly with p3 2 and inversely with My-M. This disagrees with
the data in Appendix A where, for a given value of My-M (apprOximately),
R varied as p /2 for firehosing nozzles. However, for motorized flush-
ing the rates appeared to approfch the pressure dependence given by

Eq. 2.7. For R to vary as pl/2, € must have been inversely proportional
to p. In actual practice, this means that the rate used was slower than
could have been used and that it fell off the ideal rate further as

the pressure was increased. :

The efficlency defined by Eq. 2.7 is only an approximation
of a true definition. The process by which the stream energy is
utilized to accelerate particles is a complex one involving hydro- .o
dynamic parameters and energy exchanges that are more involved than .
the simple terms of Eq. 2.7.. Another definition 1s discussed in
Chapter I where the effects of an increase of M and M, and decrease
in R (for firehosing) with distance is discuased. .

2.1.5 Equipment Design o

&

Alterations or new developments in the design of decontami-

nation equipment offer unlimited opportunity for improving the per-

formance of recovery operations. In addition to & change in nozzle

* tip area, consideration must be given to nozzle attack angle (the
acute angle of the nozzle relative to’ the surface being decontami-
nated), particularly with regard to motorized flushers having fixed-
nozzles. ‘ : ‘

' [
Because the purpose of using hard streams is to impart their i
kinetic energy to contaminant particles in such a way that these . ‘

- particles are.trajected well ahead of the approaching impact region, "
angle bhecomes most important. In transmitting a maximum trajlectory :
8 rather flat angle is required. Except for the presence of surface
roughness, this optimum angle theoretically would be zerc. Thus some
positive angle must be employed to provide a vertical impact component
for accelerating particles that are lodged in surface depressions.

A parallel consideration is that of nozzle range, the distance
between nozzle tip and the contaminated surface. An inecrease in the

"y » ‘ 6




useful work done by water jete could possibly result from shortening
the range. This would have the effect of using the harder portion of
the stream where velocity and hence the avallable kinetic energy are
the greatest. The optimum range ls believed tc vary with nozzle
characteristics, since it would be influenced by stream pattern.

2.1.6 Procedursl Application

This factor is concerned with the movement of men and equip-
ment which affect the performance of a recovery procedure. For
instance, the progression of a decontemination operation in the dir-
ection of natural drainage is one example of good procedural applica-
tion. Hosing of roofs in the direction of the eaves 1s another.
These and other applicatlions result in improved effectiveness and/or
savings in effort required.

Of special interest is the relation between effort and effec-
tiveness, particularly from the standpoint of increased rate since
such an increase reduces effort. The rate used thus far has been
the operating rate for an individual pass which-only involves a few
minutes time. However, the rate most sensitive to procedural applica-
tion 1is the over-all or planning rate of an entire decontamination

.operation involving several hours. It is always less than the

operating rate due to time lost in shut downs, direction changes
and the general movement of men and equipment. By minimizing
these losses the planning rate may be apeeded up to more nearly
match the operating rate.

With motorized flushers, the planning rate could be greatly
increased, if flushers -were permitted to flush upgrade as well as
down. This would reduce non-productive road time which is part of
the over=all operation time.

Improvement in personnel safety is ancther form of good pro-
cedurs). application. Because of the ever-present hazard to decon-
tamination +team members of falling while working on roofs, a recovery
technique of lovbing fire streams from ground level up onto roof areas
appears worthy of investigation. Admittedly, such an approach is not
expected to afford the same degree of effectiveness as direct appli-
cation of hard streams. However, lobbing should be of significant
velue on steep roofs (particularly metal ones) since ‘the conditions

" creating the danger of slipping and falling alsc enhance the removal

of particles by water flow. Thus the success of lobbing should be
the greatest where the need for a remote technique is also most
desirable.

.
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2.2 PRODUCTION OF SYNTHETIC FALLOUT

The design and preparation of the synthetic fallout used in
the tests i1s described in detail in Volume I° of this series of
reports. A brief resume follows:

The dry fallout simulant was prepared by comblning a radio-
active tracer in solution and a bulk carrier material in the mix-
ing drum of a modified Jaeger 3-1/2 cuble-ysrd transit-mix truck
(Fig. 2.1). The sclution was fed to an air nozzle located in the
head of the rota.ting drum where it was atomized onto the bulk carrier
materials.

The mix for each day was obtained by blending three size frac-
tions of the bulk carrier material. The procedures for the mixing
and the activity-mass distribution curves for each day's batch are
presented in Volume I.° ‘fhe mix number used for each test is indi-
cated in Appendix C. : '

2.2,1 Selection of Radioisotope

The radionuclide LaldO wms used as the redioactive tracer in
the synthetie fallout. Experimenta'T performed prior to the land
target tests conducted in 1956, demonstrated that trivalent LallO
was strongly adsorbed to the carrier material and would not desord
under wet decontamination procedures. The half-life, 0,2 hours,
was such that natural decay reduced the redicactivity at the test
site to negligible amounts vithin a short time after the completion
of the tests. o

- The faeilities at the Los Alamcs Scientific Laboratory, Los
Aliﬂgs, New Mexico were used to supply the necessary quantities of
Lallo, . )

2.2.2 Bulk Carrier Maﬁerial o

Scil (Ambrese Clay Loam) obtained from the test site at Camp
Stoneman, vas used as the bulk carrier material in the synthetic fall-
out. To obtain acceptable physical properties, the soil was processed .
through a erushing, burning and sieving operation by a commercial
mterials processing pla.nt.

if e
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2.3 DISPERSAL OF SYNTEETIC FALLOUT

The amount of synthetic fallout material dispersed depended
upon the radiation levels simulated. As stated in Section 1.k, it
was desired to simulate radistion dose rates of 300 r/hr, 1,000 r/hr,
eand 3,000 r/hr, at 1 hour after burst, by depositing nominal mass
levels of approximately 10 gms/ft2, 33 gms/ft2 and 10O gms/ft2,
respectively. Because of the equipment used precieion spreading
of the contaminant was not possible; therefore these nominal mass
loadings were not always achieved. Tables 3.1~3.5 show the aversge
initial mass levels actually obtained for each test.

The layer of material (based on soil density of 1940 lbs/yd3)
simulating 300 r/hr at 1 hour would be approximately 0.004 inches
deep; for 1,000 r/hr at 1 hour, 0.012 inches deep; and for 3,000
r/hr at 1 hour, 0.04 inches deep.

2.3.1 Pavementa

The dry synthetic fallout was dispersed over the paved areas
from & modified Burch Hydron 5j reader mounted on the rear of a -
2-1/2 yd3 dump truck (Fig. 2.2). An aluminum hopper was installed
on the truck to contain the syntha'bic fallout material and feed it
directly into the spreader when the truck bed was raised. The

dimensions of the test areas are shown in Appendix B,

2.3.2 Roofs

The Ary synthetic fallout material was dispersed over the
roofing areas from hand-dyawn spreaders (Fig. 2.3). The various
test areas are indicated in Appendix B.

- 2.3.3 Sempling Pan

To determine the actual quantity of mutarial dispersed, samp-
1ing pans (Pigs. 2.2, 2.3) vere placed on the test ares prior to the
dispersing of the synthetic fallout material. /These pans were collected
immedistely after the dd.speraer ‘had passed over them, placed in plastic
bags, and weighcd-

' The total activ‘.lty of the sample in the pan was dabermined in
a large sample counter (I8C). The LSC consisted of a chamber 26-in.
wide by 28-in. deep by 52-in. high, - -govered with 2-in. lead sheet
end lined with 3/4-in. plywood, into which the pan was placed. A
2-1/2-in. sodium iodide-thallium activated crystal detector, attached
to an appropriate scaler was used to count the sample. Next, a por-
tion of the material in each pan was removed for the determimtion of
apecific activiw in the 4-pi ion chamber.d
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Fig. 2:2 Dump Truck for Dispersing Dry Synthetic Fallout on Pavement.
. sampling pans collect samples for determining actual quantity.
dispersed.
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Fig. 2.3
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Hand-drawn Spreaders for Dispersin

on Roofs
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2.4 DECONTAMINATION TESTS

2.4.1 Preliminary Studies

Prior to the fleld test itself, a series of engineering-scale
studies were conducted to study some of the engineering parameters
believed to affect dacontamination effectiveness. These studies
included:

a. Weter stream impact as & function of nozzle pressure
and renge. , ‘ ‘

b. Designing an improvised nozzle system for & street flusher.

¢.  Determining the most efficlent stream pattern produced by
various hand-held nozzles for the removal of soil particles.

d. Deaigning a suitable nozzle for direct firehosing of roofs.

e.  Determining operating parameters for the motorized flusher,
i.e., pump pressures, nozzle attack angles, nozzle orifice
size, and rate of operation. :

p .
The preliminary studies were conducted on an asphalt street
and concrete pavement located in the Sen Franclsco Navel Shipyard.

Dry soil of the type used in the synthetic fallout was dis-
persed on the areas in concentrations of 100 g/ft2. A few tests
were made with the street flusher at]smaller concentrationa, 10 and
30 g/ft?, respectively. No radioactive trecer was used and the
removal effectiveness was qualitatively evaluated by visual obser-
vations. Resulte and deteils of the pre)iminary studles are given . i
in Appendix A. ‘ V4 ’ "

A

2.4.2 Field Test Procedures

2.4.2.1 Pavements ‘ "

Firehosing

The firehosing procedure (Fig. 2.4) on paved areas was evalu-
ated on asphaltic concrete and portlend cement concrete test areas.
The procedure was carried out with two standard 1-1/2-in. firehoses
fed by & 2-1/2-in. firehose running from & nearby fire hydrant to
the test area. A 500-gpm pump was inserted in the hose line near
the hydrant to maintain a constant nozzle discharge pressure of 75
to 80 1bs/in2 for all of the tests. A standard 1l-1/2-in. fire
nozzle with & 5/8-in. orifice vas attached to each 1-1/2-in. fireliose.

12




T

Fig. 2.4 Firehosing on Portland Cem{ent Concrete Pavement
A. Arrangetient of equipment and personnel.
B. Stresm striking supfece.
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A firehosing team utilized five personnel: two nozzle men,
two hose men and the fifth man driving a jeep which towed the 2-1/2-in.
firehose as the procedure progressed down the area.

The procedure started at the higher end of the slope and
proceeded down the length of the test area. The nozzle men advanced
slde by side pushing the contaminant aheed and to each side, direct-
ing the stream to impinge upon the area 15 to 20 feet down the &area.

From the preliminary studies (see =endix A) it was found
that by directing the stream to impinge 15 to 20 feet down the area,
the removal rate increased 33 to 43 percent over that when operating
at a range of from 6 to 8 feet. This increase in operating rate
also resulted in & considerable decreease in unit water consumption
(gal/£t2). ‘

These studies also indicated that the best stream pattern
for efficient removal when the stream impinges at the longer range
was provided by the 5/8-in. orifice, which was available on the
standard 1-1/2-in. firehose nozzle. A nozzle calibration curve for
this nozzle is included in Appendix A.

Conventional Motorized Flushing

]

The conventional motorized‘fluﬁhing (CMF) procedure (Fig.
2.5) was carried out with a conventional street flusher of 3000-gal
capacity, equipped with a 500-gpm pump and two forward and two side
discharge nozzles. The truck was driven down the slope of the long
dimension of the test area, the first pass being made along the high
side of the cross slope. Successive adjacent passes covered the
full width of the area.

Upon the basis of the preliminary studies described in
Appendix A, the maximum available nozzle pressure of 55 pel was
employed with nozzle orifices set at 1/16 inch.

In order to push the particles to one slde and out of the
way of the truck's wheels and to conserve water and attain a high
pressure, only three of the four available nozzles were used at one
time. The two front nozzles were adjusted so that their jets inter-
sected the pavement in & continuous straight line. This line was
canted at an angle of about 60° to the line of travel, in accord-
ance with the findings of the preliminary tests. The left side .
nozzle (behind the driver) was aimed sc as to pick up where the -
left front nozzle left off in the removal process (see Fig. 2.5).

A calibration curve for the flusher nozzles is included in Appen-
dix A. .
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Fig. 2.5 Motorized Flushing on Aéphaltiq Concrete Pavement. Note
that the two' forward nozzles are adjusted so that their
streams strike the pavement in & straight line.
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To determine the effect of effort on the removal effective-
ness, the motorized flusher was operated at three different rates.
These rates of operation depended upon the nominal mass levels and
were chosen from the curves presented in Fig. 2.6, prepared during
the preliminary studies.

An accurate speed indicator mounted on the dashboard, lead-
ing from a fifth wheel attached to the flusher, allowed the driver
to maintain a constant speed of cperation.

Improvised Motorized Flushing

For the improvised motorized flushing (IMF) procedure
(Fig. 2.7), the street flusher used for the motorized flushing
procedure was provided with an improvised nozzle bar replacing
the two forward flushing nozzles. The operating procedure was
similar to that of the motorized flushing procedure; i.e., the
truck was driven down the slope of the long dimenslion of the test
area, the first pass being made.along the high side of the cross
slope. Successive adjacent passes were made over the full width of
the test area.

The improvised nozzle bar consisted of an 8-1/2-ft length
of 2-in. standard pipe having fourteen nozzles equally spaced on
6-in. centers. The nozzles were selected during the preliminary
studies (Appendix A), those which gave the best stream pattern and
impact characteristics, and were flat Jet nozzles.® A nozzle pres-
sure of 85 psi was maintained in all tests. Consumption curves for
the nozzle bar are given in Appendix A.

The nozzle bar was attached to the front bumper or the
street flusher (Fig. 2.8) so as to mnintain an attack angle
sbetween the stream and the pavement) of 30° and an azimuth angle
between the stream and the direction of travel) of 60°. Short
lengths of 2-1/2-in. fire hose were used to connect the nozzle tar
to the piping ayatem on the truck.

Three different rates were evaluated as in the case of the
conventional motorized flushing procedure. The curves in Fig. 2.6
were used to determine the operating speed during tha full-scnle
tests.

¥Number U-F0150, Bpraying Systems Co., Belwood, Illinois.

16



200

100

[+]
o
—

AT

— RATE A

\ RATE 8

\(, RATE C

>
(o]

MASS (G/FT2)

ES
o
i
o

20

5 10 15 20 25
MFPH

F.g. 2.6 Graph for Estimating Flusper Speeds for various Mass ,Loa.d.j.ngs

17




Fig. 2.&  Improvised Nozzle Bar Attached. to Conventional Street Flusher
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2.4.2.2 Roofs

Firehosi

The direct firehosing procedure om roofing areas (Figs. 2.9,
2,10) was evaluated on two types of roofing materials: composition
shingle roofing, and tar and gravel roofing. The procedure was car-
ried out with two l-1/2-in. firehoses which were fed by a 2-1/2-in.
firehose running from a nearby fire hydrant to the test area. A
500-gpm pump was inserted in the hose line near the hydrant to main-
tain constant nozzle discharge pressures of 120 and 150 psi, res-
pectively for composition shingles or tar and gravel. A firehosing
team utilized six personnel: two nozzle men, two hose men and two
men to help handle the hoses on the ground.

During the preliminary studies, the development of a sult-
able nozzle for roofs led to one which produced a flat fan-shaped
pattern (Fig. 2.11). The nozzle was designed with a 3/8 X 9/16-in.
eliptical orifice. Performance curves for this nozzle are in
Appendix A. g

On the composition shingle roofs, the hosing was ctarted

" at the peak near the end of the roof and proceeded across and down

to the eaves. The nozzle operators experienced no great difficulty
in working on the sloping roof. .

On the relatively flat tar and gravel roof the firehosing
team worked generally from the center line out to the edge. However,

“on each pass they first removed the gravel nearest the eaves before

cleaning the remainder from the center line. This obviated the
wvindrowing of loosened gravel and the blocking of runoff wmater.
Eech team was responsible for only one half of the roof to avert
the“poasibility of interference between hosea or water streams.

.. To determine the influence of effort on the éffectiveness of
decontaminating the roofs, two rates of .operation were utilizd. In the
first, the rate of advance was determined by the speed with which
the contaminated gravel was removed. In the second, an additional
pass vas made over the entire area in an attempt to remove any con-
taminant missed during the first pass. The rate was controlled .
visually, the work progressing as the area appeared to become clean.

Lobbing
The lobbing procedure (Fig. 2.12) wvas ourried out with a

1-1/2-1in. firehose fed by a 2-1/2-in. firehose running from a nearby
fire hydrant. A standard l-1/2-in. fire nozzle with & 5/8-in.
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Fig. 2.9 Firehose Flushing on COmposition Shingle é@of;ng

Fig. 2.10 Firehose Flushing on Tar and Gravel Roofing
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Fig. 2.11 Nozzle Designed for Direct Firehosing of Roofs.
Notice fan-shaped pattern.

Fig. 2.12

Lobbing Firehoses Stream on

2l

Composition Shingle Roof
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orifice was used discharging at 40 psig. A lobbing team required
1 nozzle man and 3 hose men.

The procedure consisted of directing the fire stream onto
the roof such that the stream acted as a heavy rain thus washing the
contaminant down slope and off the roof. Since this procedure would
be most applicable to steep roofs wheré the slope enhances the re-
moval of particulate contaminant by water flow, it was evaluated on
one of the taller buildings, with a composition shingled roof and
having a roof peak approximately 23 feet high.

The rate of progrese wes determined visually, the work pro-
gressing as the run off water appeared clear. :

2.5 RADiATION AND EFFECTIVENESS MEASUREMENTS

To determine the effectiveness of the various procedures evaluated,
measurements were taken of the radiation levels present on the test areas
Just prior to contamination (background), after contamination, and after
decontamination. The measurements were obtained with two mobile, shielded
gamma scintillation detector units, one for paved areas "Egghead III"
(Fig. 2.13) and one for building roofs "Egghead, Jr." (Fig. 2.14). The .
principal elements of these instruments consisted of a one-inch NaI (T1)
Scintillation Crystal on a photomultiplier tube. These were contained
within a thick lead shield which was mounted so-as to place the center
.of the detector one meter above the ground plane. A collimated aper-
ture subtending a solid angle of .view permitted entrance of radiation
into the sensitive volume. The important characteristics of the two
instruments are compared below. The conversion of the radiation mees-
urements to mass units is summarized in Appendix C.

Instruments Used _Egghead, 111 - Egghead, Jr.
Surface type Pavements Roofs
@rystal size 1 inch 1 inch
Petector ht. 1l meter 1 meter
Shield thick.s. 6 inches L inches
Aperature diem. ) 1 ineh 2 inches
Solid angle of view 50 degrees 23 degrees

Appendix B presents the measurements obtained at each loca-
" tion on the test areas. The data presented have been corrected for
radicactive decay and any significant background readings.
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Fig. 2.13 Mobile Shielded Gamma Scintillation Detector Unit
(EGGHEAD III)

Fig. 2.14 Mobile Shielded Gamma Scintillation Detector Unit (EGGHEAD JR.)
Power supply and read-out system not shown.
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Each decontamination operation was timed to obtain necessary
information on rate and effort. Motion pictures were also obtained
of the various operations; this allowed 'subsequent reviewing and
evaluation of the operatioms.

24




CHAPTER 3

RESULTS

3.1 DECONTAMINATION TESTS

The results of reduction of the decontamination effectiveness
data for paved and roofing surfaces are summarized in Tables 3.1
through 3.5. Among each of the four types of surfaces tested,
asphaltic concrete (A-C) and Portland cement concrete 2?-03 pave-~
ment,and composition shingle (C-8) and tar and gravel (T-G) roof-
ing, no great individual variation in surface characteristics was
noted, and it was assumed that all surfaces of a given type were
identical. The average initial mass level, My, and average finpal
weas level, M, in grams per square foot are computed as Bhown in
Appendix C from the observed data of Appendix B. The average per-
cent remaining, ¥y, is obtained from the relation

4,

Fy = o X 100 (3.2)

It should be noted thatFp can also be obtained by substituting
the average final and initial radiation readings, I,, and RR’ for M,
and M respectively. Effort, E, ls a measure of awvailable power ex-
pended per unit area, normally expressed as ma.l:l-m:m/ft2 ‘or egquipment -
min/ft2. Por the sake of convenience E is given in terms of xxn.n,n-min/l.ok :
£t2 for pavement and man-min/103 ft2 for the roofs. The obse-ved date
for computing E, given in Appendix B, conaiste of the size of the test
area, the total time of decontamination and number of men utilized.
The time dces not include equipment set-up time nor turn-around time
for the street flusher.
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TABIE 3.1

Decontemination Results for Conventional Motorized Flushing

Test No.& Mo M F Effort
(/142) (a/es?) (° Man-Hin
: ' 103 £t? )
Asphaltic Concrete
A-1 21.2 . 0.86 L.l 2.47
A-2 34.0 1.45 4.3 2.66
A-3 83.9 0.79 0.9 5.42
A-k 23.0 1.39 6.0 1.33
A-5 3.7 1.41 b.1 1.83
A-5' 28.2 0-99 3.5 1.87
A-6 8.2 1.75 2.2 3.00
A-7 23.1 1.83 7.9 0.92
A-8 56.9 2.34 I, 1 1.25
A-8! 38.8 1.07 2.8 l.21
A‘9 110-8 5-75 5-2 1185
“Portland Cement Concrete.

A-10 16.3 0.70... . h.3 1.12
A-11 37.5 0.49 1.3 2.36
A-12 127.9 2.02. 1.6 2.60
A"l3c 16-7 0-61 307 lo&
A-14C 102.6 0.68 0.9 3.92
A-hos®P " 14,2  23.06 16.3 5.2
A~4OFP - 1.68 1.k 1.76

8. See Appendix B for description of tests.
b. 8 = Motorized Sweeping

P = Motorized Flushing
c. Extended uphill-downhill run on & street.

26




TABLE 3.2

Decontemination Results for Improvised Motorized Flushing

Test No. Mo N F Effort
(a/tt2)  (a/£t?) o ( Man-Min )

' 0% 242

f Asghﬁltic concrete

A-15 20.6 1l.23 6. 2.36
A-16 SGOJ. 1050 2-7 2‘62
A-17 137.6 2.24 1.6 3.56
A-18 22.4 1.19 5.3 1.28
A-19 25.0 0.62 2.5 2.03
A-20 129.2 2.36 1.8 _2.51
A-20! 81.2 1.59 1.8 2.13

Portland Cement Concrete

: A-21 22.0 0.83 3.8 1.60

] A-22 25.3  0.k9 1.9 2.4k

: A-23 84.8 1.0 1.2 3.8k
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TABIE 3.3

Decontamination Results for Firehosing Paved Areas

Test No. M M F Effort
g/tt2 i g/ft2) (%) Man-Min
( lOE-ft2>

Asphaltic Concrete
A-2L 20.4k 0.69 3.4 S 3k
A-25 34.0 0.79 2.3 - 3h.1
A-251 31.7 0.70 - 2.2 46.6
A-26 138.8 1.59 1.1 83.3
A-267 ~9k,5 1.27 1.3 L7.1
A.'27 2°~° 30@ 1845 18’3
A-28 54,0 5.04 9.3 25.7
A-29 165.4 3.50 2.1 T2.4

| ' portland Cement Concrete

" A-30 18.9 0.47 2.5 3l.3
A-31 k3.6 0.7% 1.7 36.0
57.3

A-32 1021 113 1.1

28




TABLE 3.4
Decontamination Results for Direct Firehosing on Roofs

M, M F Effort
Test No. o m
- (&/0%2) (g/1%) (%) (?&;_Mi_g_)
107 ft
_ "l‘ar and Gravel
AR-1 . 28.0 1.30 4.6 50.0
AR-2 25.6 1.55 6.1 37.5
AR-3 91.5 2.22 2.4 50.0
AR-¥ 21.1 3.05 14.4 38.4
AR-5 22.9 2.1k 9.3 27.9
AR-6 65.2 6.87 10.5 33.h4
Composition Shingle
AR-T 20.6 1.36 6.6 8.8
AR-8 k3.7 . 2.58 5.9 9.4
AR-9 102.0 4,18 k.1 2%.2
AR-10 10.8 1.13 10.5 ' §
AR-11 ko.0 - 3.02 7.6 6.6
A.R-l2 71-8 hnh3 6-2 7-5 e
TABLE 3.5

Decontamination Results for Lobbiné Firehose Streams on

Composition Shingle Roofs

“pest No. ) M I . Effort

(a/te?) (/t42) (8) 7 Man-min

( 103 £2

AR-13 8.8  0.91 10.h 12.1
AR-lh 26-2 1-06 '-O--O 1103 i’

AR-15 73.9 3:03° L. 15.8




3.2 TIME AND MOTION STUDIES

Extensive film footage was taken of most of the tests. Efforts
to obtain quantitative time information from viewing these films
were generally unsuccessful, because sufficient detail was not vis-
ible. However, much qualitative information was obtained from these
£ilms which proved useful in evaluating the operational characteris-
tics of the procedures evaluated.
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CHAPTER U

DISCUSSION OF RESULTS

4.1 PARAMETERS AFFECTING DECONTAMINATION EFFECTIVENESS

The effectiveness of & decontamination is expressed as the re-
sidual mass level remaining for a given initial mass level, or ratio
of the two (called fraction remeining) after a specified expenditure
of effort has been applied in decontaminating a surface. The rela-
tionship 'between the effectiveness and effort is the decontamination
efficiency of a method-surface com’bination.

in the tests, the conditions of both the initial maass and effort
were varied by as much as & factor of T or 8 for certain methods.
However, the way in which these conditions were varied was not ideal
from the standpoint of deducing generalized relationships between
effectiveness and effort for the different methoda and surfaces.
For example, in Table 3.1 for motorized flushing of asphaltic con-
crete, the value of the effort varies along with the initial mass
(one exception) and no single set of values exists vhere either Mg
or effort is held constant and the other is varied over a large range.
This occurred, of course, because one of the main purposes of the
test involved conservation of water and the meche.nics of the methods
as discussed in Appendix A

The dependence of the residual mass level upon initial for
various decontamination techniques has been known for sometime;
equation 4.1 below, was developed by Miller? to account for the observed
variation in residual mass level with the initial lewvel.

M# = MA(L ~ e "% Mey (k1)
vhere M* - residual mass level at an infinite effort level, g/fta
Mo - initial mass level, g/ft2

M§ - the limiting upper value for M¥*, & constant for & given
surface-method combination, g/ft2
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a -~ spreading coefficlent dependent upon the surface-method
combination, the particle size and density of the fallout
material, f£t2/g

As noted, Eq. 4.1 assumes the expenditure of a very large effort
and a constant value of Mg for the surface. The latter assumption,
for wet decontamination methods, restricts rigorous application of
Eq. 4.1 to small areas because when these methods are applied to
large contaminated areas, the particles are scattered forward and/or
to the side and consequently are piled on top of the original deposit.
Since Mg, and perhaps a, will increase in the forward and side dir-
ections, Eq. 4.1l would indicate an increase in M* in those directions.
If the infinite-effort residual level increases in this manner, the
less-than-infinite effort residual levels should exhibit even larger
increases with distance of travel.

The relative increase in M with forward distance is shown in
Table 4.1 for decontamination of asphaltic concrete. The. table was
made up by averaging the measured residual levels across the test
strips at the indicated distance along with those at the adjacent
+ 12-ft distances. The ratios show no persistent trend with initial
mass. The increase in M with distance, however, occurs for all methods.

From 37. 5 £t to 112.5 ft, the average relative increase is 31 % for
the CMF, 45 % for the IMF, and 67 % for firehosing. From 37.5 £t to
75 £t, the relative increases are 18 4, 34 %, and 42 4, respectively
for the 3 methods. Thus the rate of increase in M with distance de-.
creased with distance. The average values of the residual mass given -
in Chapter 3 do not account for these incremses of M vith distance
so that, with respect to the decontamination of a given square foot
of area, they apply to soms initial mass level greater than My (not
necessarily coincident with the value at the center of the area).

The effort as defined in Chaptér 3 given by

n-‘n/n , B | . (h.2)

where R is the rate of area cov)era.ge apd N is the number of personnel
used. The gross efficiency given by Eq. 2.7, in terms of E*, the
required effort to displace the mass (My-M) is then

B! (M-M) B (ui
- " oL f .
LT o
For a constant nozzle preﬁoure, Eq. 4.3 can be changed to define an

efficiency in terms of mass. removed per unit or actual applied effort
E which can be written as ’

K= (gM)/E (b.)
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It may be recalled that, for€ to be constant, R* was the requ-
ired rate for application of the stream energy W to displace the
mass, (Mg-M). On the other hand, Eq. k.l expresses the concept that,
even with an infinite amount of applied effort, a residual amount,
M*, will remain on the surfsce. In thic case, Eq. 4.3 does not apply
since E* capnot be infinite unless M, i# infinite. The continued
application of effort beyond thét required to remove the mass
(Mg=M) means that most of the excess-effort is wasted, or that E*
should be replaced by (E-Ey) vhere E is the applied effort and Ey
is essentially excess or wasted effort. The value of Ey should be
an inereasing function of E. The efficiency defined by Eq. 4.k
implies that K varies inversely with E and approaches zero &as E
becomes very large since My-M should approach M,=-M* which is approx-
imately equal to M,.

An additional complication is that My is increasing with dis-

tance during removal and, for the average value of M for a large

area, has some value actually greater than My. Even if this value
were known, it would be desirable to expreas the over-all efficiency
in terms of M, itself. 1In each ¢f the methods, E also changes with
distance as the decontamination progresses. In the case of firehosing,
the coverage rate decreases (E increases) benause the firshose crews
automatically tend to slow down as the mass of particles in front of
them increases. In the case of the flushers, the adjacent passes
tehd,to get narrover as the distance that the particles are moved
sideways on each pass gets smaller. This build-up of mass of material
on & very large paved area would be a limiting factor in the use of
wet decontamination methods unless the drainage is very favorable.
Without data on these interrelated effects, no logical account can

be made for them in the development of an efficieney funetion.

"In order ¢ account in some measure for the concept of the re-
sidual level, M*, remaining after application of very large efforts
and for the decrease in the efficiency of the methods for removing
wass as the effort increases, a generalized efficiency function is
defined in terms of the decrease in the fractional amounts of the
removable mass per unit of applied effort as follows.

AT = K(®) (4.5)
vhere K(E) 1s an apparent efficiency f‘actc;r and has the form
K(E) = KE" (4.6)

vhere n and X, are constants. Integrating Eq. 4.5 after substituting

‘BEq. 4.6 between the limits of Mg at zero effort and M at the effort

E gives .
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Xz
M = M* + (M -M*) exp [—— (4.7)

In this case M refers to the M values of Chapter 3 and M, the initial
levels without consideration of builld-up to some level greater than
Mg. In this treatment, all the changes occurring to reduce the &p-
parert efficiency of the method are lumped into the selected func-
tional form for K(E).

Preliminary treatment of the data gave values of n between 0.6
and 0.7. Because of the scatter in the data, the single value, 2/3,
wvas used for all three methods. Equation 4.7, in final form, is

He e Onnn o [a®d] )

where M* and K, are the parameters dependent on the method a.nd./or
surface. .

The foregoing derivations assume.a permsnent, non-changing sur-
face; actually surfaces such as asphaltic concrete erode whlle ‘being /
decontaminated, but this facter is unimportant in the range of pmcﬁical
interest.

Final values of M* and @ were derived by using successive approxi-
mations of M*, firet in Eq. 4.8 and then in Eq. k:l, u.'I.t:I. tely cu- _
taining values of M¥, M} and & which fitted the requiramsuts of both M
sets of equations. This derivation was simplifisd for the asphaltic
concrete and portland cement comcrete surfaces by thes application of
data from STONEMAN I. In the STONEMAN I test series very high effort :
levels were employed in an attempt to obtain the best possible decon- Cow
tamination with a given method. It was assumed, that these values
" of M approached the theoretical M* value. These data, shown in Figs.
L.1.1 apd k.1.2, do appear to correlate quite well with the theore-
tical curve. Figure L4.l1.3 also shows STONEMAN I data, but the corre-
lation is weaker. However, beacause the absolute mass levels were not
accurately determined at STONEMAN I, no attempt was made to differen-
tiate between firehosing and motorized flushing.

Using values of M* from Figs. 4.1.1, 4.1.2 or 4.1.3 (each being
based on Eq. 4.1) Eq. 4.8 was evaluated for the various experimental .
cases. The resulting curves of 'ghe mu level M, in grams per sq £t
and effort, E, in man-min per 1l0- or J.o sq ft, are shown in Figs.

h.1.h through 4.1.9. The mctual data points, including one sténdard
deviation are shown for each test. Derived values of 3Ky, M§ and a
are presented in Table L.2. .
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TABLE k.2

Derived Values of 3Kg, Mg and o

Test No. Method Surface 31{o Mg [\ ]

RL to R6 Firehosing Tar and Gravel 1.65 0.8 0.00235
R7 to R12  Firehosing Comp. Shingles 1.51 k.0 0.0067
Rl13 to R15 Lobbing Comp. Shingles 1.51 4.0 0.0067
Al to A9 cMP Asphalt 3.15 2.0 -0.0081
Al5 to A20 IMP ‘Asphalt 3.15 2.0 0.0081
Al0 to Al2 CMF Concrete 3.15 1.0 0.006k
A2l to A23 IMF Concrete 3.15 1.0 0.0064
Al3,14 & 40 OMF Asphalt 3.15 2.0 0.0081
A2l to A29 Firehosing Asphalt 1.26 2.0 0.008L
A30 to A32 Firehosing Conecrete l.26 1.0 0.006k

In attempting to fit the appropriate equations to the M vs E
" plots & number of adverse factors arose which periitied only the

-, roughest of correlations, for exenple:

(1) The standard deviations of many of the data points are
large, due to the various sources of error discussed in
seation L.6.

(2) Because of the inability, to

restrict simulant dispe

el -

to the three nominal mu)knenls (10, 30 and 100 g/ﬂ:a),

there wvere seldom noro +

two data points per curve.

(3) The range of efforts and ipitial mass lavels covered was
too narrov to confirm the equated shape of #he curvn.

4.1.1 pavements

Plots of the motorized flushing data are contained in Fige.
““l-h‘ ‘&Ollsmd u'l'6' .
accordance with Bq. 4.8. The best correlation between the equated
curves and the test points is noted on portiand cement concrete.

The curves are fitted to the data pointe in

For asphaltic concrete, the fit of the curves to the plotted values
is about the same for conventional flushing and improvised flushing.
In either case the points are, for the most part, contained within a
band wvhose boundaries are defined by the two outermost curves.
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Figure 4.1.7 shows the correlation of the decontamination Eq. 4.8
with the firehosing data on portland cement concrete and asphaltic
concrate, respectively. For either surface, the points fall reason-
a.'biliy close to the curves, except where effort is less than 25 man-min/
10*ft2. The correlation is probably not &s good as that shown by the
motorized flushing.

4,1.2 Roofs

In the decontamination of tar and gravel roofing, most of the
effort is expended in removing the loose gravel. For this reason
the initial mass loadings for fitting the equation to the data were
increased by 450 g/fte, vwhich is the amount of loose gravel estimated
to have been present prior to removal. The effect of this adjustment
upon the curve of the decontamination equation is shown im Fig. 4.1.8.
Although the data are slightly scattered, the test points are reason-
ably well centered about a curve equated to & corrected mass level of
500 g/ft2. This indicates that for the original mass loadings of
gimulant dispersed in these tests, the amount of loose gravel was
controlling. It would therefore seem advisable to remove this loose
gravel before fallout arrival in order to reduce the recovery effort.

It should be noted from the family of curves in Fig. 4.1.9 -
that, within the limits of the test data, it is not possible to detect
any difference in the decontamination effectiveness of direct fire-
hosing with the. fan noz2zle or the lobbing with a firehose nozzle on
composition shingles.

L
L.2 COMPARISON OF DECONTAMINATION RESULTS WITH
RESPECT TO METHODS AND SURFACES

W

k,2.1 Pavements

Figure L.2.1 indicates the relative effectiveness of pavement
decontamination with a typical set of performance curves normalized
at a common mass loading of 100 g/fta. It is immediately apparent ,
from the slopes of the curves that motorized flushing is & more efficient
removal méthod than firehosing, regardless of the type of pa nt. :
Where firehosing requires an effort in excess of 75 man-min/10% £t2 to
reach the minimum reaidual mass level, M*, the motoriied methods va;{
nearly approach M* st the applied effort of only about 20 man-min/10% £t2.
Beyond this point the relatively flat slope of the motorized flushing
curves indicates that a continued expenditure of effort would not
reduce the levels very much.
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The true advantage of mctorized flushing over firehosing may
not be as great ms demonstrated in Fig. 4.2.1, because of the greater
distance over which firehoeing was required to push the fallout simu-
lant. In this method, had the material been washed across the test
strips (as in motorized flushing) instead of along their total length,
the curves for firehosing undoubtedly would have been steeper. How-
ever, such a manual method, although more flexible, can hardly hope
‘o develop the speed and, hence, the reduced effort characterized
by mechanized flushing.

~"From the effectiveness curves presented in Section 4.1,
no significant distirction can be made between the decontamination »
performances of conventional and improvised flushing. Thus the motor-
ized flushing curves in Fig. 4.2.1 are for both methods. Accordingly,
it is concluded that an improvised flusher system is a feasible method
that is competitive with a conv;a\.napional street flusher. -

The lower curve in Fig. #.2.1 demonstrates that for motor=-
1zed flushing portland cement concrete was more readily cleaned than
asphaltic concrete. This difference in decontamination is not detec-
table until & certain minimum effort has been invested. In the case
of firehosing little difference in removal effectiveness could bes
detected due to differences in type of surface.

The improved effectiveness experienced during the motorized

flushing of the portland cement concrete areas was not swprising,

~ 8ince they were in a better state of repair than the asphaltic con-
crete test areas. The portland cement concrete surfaces exhibited
a relatively smooth rotary-trowelled finish, form lines were infre-
quent, cracks were practically non-existent, and the slopes were all-
uniform though almost flat. On the other hand the asphaltic con-

- crete surfaces were inherently rougher in texture, they comtained
depressions and swells, and.they exhibited reversals in the cross
Slopes. All these factors are, of course, detrimental to the clean-
ing action of fluid streams, especially those that are mechanized
and have & fixed orientation with respect to the vehicle.

4.,2.2 Special Tests on Pavements

Tests Al3 and Alk were conducted with the conventional flusher
on & 500 ft long, hilly roadwaey. The average grade over the central
200 £t was 5.8 percent and that of the two end portions (approximately
150 £t each) was 0.3 percent. BSince the road was crowned, the first
two passes were made from the center line, one downhill and one uphill
to avoid having to change the position of the nozzles. Two more passes,
one along each.curb completed & test run.
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These runs demonstrated that grades of 6 percent or less do
appreciably change the decontamination performance relative to that
found for the 150 ft, relatively level, test strips. There were
indications that & longer and./or steeper grade would reduce flusher
speed appreciably on an uphill pull, especially when fully loeded
with water. This, of course, would increase the effort and the
consumption of water.

Test AYO was performed as & combined sweeper-flusher operation
on a straight, level rcadway having e relatively flat crown. The
results are/shown in Table 3.1. A conventional street sweeper removed
the bulk of|the contaminant, leaving an average level of 23 g/ft2 for
the flusher. Based on tests for comparable mass loadings (refer to
Table 3.1 and Fig. 4.1.5) the flusher did not provide the expected
degree of effectiveness. PFor the effort expended, the final level
should have been nearer 1 g/ft2 rather than 1.68 g/ft2. Even so, Y
the latter value was less than would be expected from a sweeping
operation alone (see Volume III of the STONEMAN II report series). .
Assuming that Eq. 4.8 and the appropriate constants apply, & flush-
ing operation alone could presumably have reduced the original mass
level of 1Ll g/ft2 to 1.68 g/ft2 for an effort no greater than the
total expended in the combined operation (7 man-min/10% ££2).

i&-2.3 Roofs

In order to evaluate the relative decontamination effectiveneas
of wet methods on roofs, M v E curves were drawn for two initiel mass
levels (25 and 100 g/ft2) as shown in Figs. 4.2.2 and 4.2.3.  Equation
4.8 was used to obtain these curves for tar and gravel and composition
shingles, respectively. ' '

wAs mentioned before, for & given initial mass loading, a single
curve represents either the fan nozzle or the fire nogzzle as esiployed
on composition shingles. This is swrprising since one would normelly
expect the direct application at roof level of a high pressure stream,
as typified by the fan nozzle, to provide greater removal effective-
ness than indirect lobbing of a low pressure fire stream from ground
level. Buch factors as stream direction relative to +he roof's slope,
nozzle pressure and stream impect were all to the advantage of the
fen nozzle. Roof slopes were the same in all cases. Therefore, the
competitive performance of the lobbing procedure must have been due,
in part, to a superior stream pattern. Increased thickness in the
wvater film flowing down the roof may also have been & cortributing
factor. This increase in film thickness wvas probably equal to the
increase in stream flow rate; namely, 20 percent (72 gpm vs. 60 gpm).
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The 30° fan nozzle was used on both types of roofing surfaces
tested. Besides differences in the surface materials, other differ-
ences in the test conditions were: the tar and gravel roofs were
almost flat, while the composition shingle roofs had a slope of 1/2.5;
in the decontamination of tar and gravel roofs the gravel had been
removed along with the contaminant, resulting in a considerable
effort independent of the initial mass level. Mainly because of the
latter, it is reasonable that composition shingles should clean more
readily for a limited expenditure of effort, say not more than
40 man-min/103£t2.

Hovever, the curves of Fig. 4.2.3 for higher initial mass
loadings (100 g/ft2) indicate that for efforts greater than 4O man-nin/
103£t2, composition shingles do not decontaminate to as low a level as
tar and gravel roofing. This occurs in spite of the fact that the
curves for tar and gravel are practically the same for the two mass
loadings represented.

4.3 EFFECT OF INITIAL MASS LEVEL AND EFFORT ON
RESTDUAL MASS LEVEL ' '

The relationships expressed in Equations 4.1 and 4.8 were derived
-using the hypothesis that the residusl mass level is a function of
the initial mass level and effort expended. The two equations can
be combined giving

M = M8 (1-e"% Mo + [Mo - M3 (ﬂl-e'a‘M")] e'ml/B

Figures 4.3.1 to 4.3.4 show srl.phically the stated relationships
for each of the surface-method combinations evaluated.

These curves can be utilized to determine what level of effort
is needed to produce a required residual mass level for a range of
expected mass loadings. ‘

4.4 OPERATIONAL CHARACTERISTICS OF DECONTAMINATION EQUIPMENT

Although the equipment used in these tests is, for the most part,
comprised of standard components, the performances required in the
removal of dry fallout are not necessarily the same as those for which
the equipment was originally designed. In seeking to achieve a satis-
factory balance among such factors as removal effectiveness, effort,

52




8 i

i f
E 1S IN MAN MIN/ID* FT2
H I '

M (G/FT2)

0 10 20 30 40 80 @0 70 80 90 100
Mo (G/FT)

Fig. 4.3.1 Residual Mass as a Function of Initial Mass Loading -
Conventional or Improvised Motorized Flushing of
‘Portland Cement Concrete

53




M{G/FT?)

! !
[+ 10 20 30 40 50 60 70 . 80 90 100
Mo (G FTZ)

Fig. 4.3.2 Residusl Mass &s & Function of Initial Mass Loading -
Conventional or Improvised Motorized Flushing of
»+  Asphaltic Concrete ‘

54




E 1S IN MAN MIN/10%*FT2

20

40 70

100
Mg (G/FTZ)

Fig. 4.3.3 Residual Mass as a Function of Initial Mass Loading -
. Pirehosing Asphaltic or Portland Cement Concrete

55




? — T I
' s 1 | :
1
| i ‘ ;
i a *
E IS IN MAN MIN/I03FT2 t“b
\ | |
i I ' [
5 { ' ¢ ' ' —
1
. e’\o
-~ | [ ~ P D Y U —
-
& l
'
) I o
b )
LY - ' L el C T i I
. ] e
! ‘ 60
2 r.____,,,‘,.,, A I o _ LES e
f . F."” ;
. e
[ - s s i 1
' ; ; !
o - | ! i ; i ;
) 10 20 0 40 50 60 70 20 90 100
Mo (6/FT2)

k!

Fig. 4.3.4 Residual Mass as a Function of Initial Mass Loading -
Fan Nozzle or Lobbing Techniques on Composition Shingles

57




and water consumption the mode of operation influencee the operating
characteristics of the equipment. These and other controlling fac-
tors are discussed below.

L.4.1 Conventional Motorized Flushing

Conventional street flushers are normally employed to push
debris from the middle of streets to the gutters where it can be
plcked up later by other means such as sweepers. In the removal of
fallout materisl, flushers are expected to have the capability to
clean gutters also. It was found during the tests that this could
only be accomplished by straddling the curb, otherwlee large amounts
of contaminant would be splattered on sidewalks, yards and building
fronts. Because of the many obstructions commonly located along
curbs, flushers should be outfitted with special nozzles which can
be swung out over the gutters.

The curbless roads so prevalent in military installation and
open highways are best suited to flusher operations. Here the motor-
ized flusher can take full advantage of its high pressure system to
throw the fallout particles free of the roadway and beyond the shoul-
ders. When using this technique, the contaminant may settle in the
drain ditches adjacent to the roadway, rather than passing into the
sever system, and prevent the immediate attainment of the desired de-
contamination effeetiveneu.

‘The effort required to remove heavier mass loadings (approsch-
ing 200 g/ft2) by motorized flushing techniques-is known to be quite
high. If the bulk of material is first removed by a sweeping opera-
tion, flushing can then be utilized to best advantage to obvtain a
low residual level. Test A-40 showed that such a combination was
feasible. ~ Although not necessarily more effective than flushing
itself, the fact remains that sweeping reduces the total effort
ultimately required of flushing to reach a given residual mass level.
In view of the far greater availability of street sweepers, a com-

. bined operation would be advantageous.

The basic design end arrangement of flusher nozzles is not
particularly adaptable to decontamination work. Some criticisms are:

1. "The broad stream angle, which is greatsr than 90 degrees,
doesn't permit the desired control over the direction in
vhich the contaminant is trajected.

2. The stream pattern is of nonuniform thickness and contri- ,
butes to uneven removal.

3. The nozzle arrangement 1s such that it is extremely a.wkuard
to adjust and match the water jets to prevent streaking.
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" cess ty freeing the nogzle men from hose tending duties.

L. Wnen the above condition is satisfied only one set of
wheels are provided a clean path to run in. The other
set must track through fallout material.

4.k.2 Improvised Motorized Flushing

The improvised flushing overcomes vhe first three cbjections
cited above. In addition, the flusher bar tested can be attached
to any portable tank equipped with a prime mover and a defense pump
to convert it into an effective flusher. The performance of the
improvised nozzle system in these tests indicate the feasibility of
such an arrangement.

Improvised flush:lug systems offer & wide range of possibilities’
since there is very little size restriction in construction of the
nozzle bar. 8Small highly maneuverable jeep drawn systems might be
designed for sidevalks and ramps. Extra large capacity syastems,
consisting of a series of tank trailers drawn by & tractor, eould
be used to decontaminate long expo.nses of highway and important
access roads.

The main objettive of improvised flushers, however, would be

to supplement the relatively small number of conventional flushers .
presently available.

L.k, 3 Firehosing
Firehosing as used in the removal of fallout is an adaptation

of readily available equipment for furnishing water at high pressures

to move particles along the surface (rather than to extinguish fires.)
Experience has shown that, contrary to fire fighting practice, where
2-1/2 and 3 in. hoses are used, 1-1/2 in. hoses and nozzles give the
vest performance. The manpower required to properly direct 2-1/2 in.
nozzles and oppose their thrust is prchibitive. The 2« 1/2 in. hese
is used instead to supply water for two 1-1/2 in. nozzles as employed
in the paved area tests. The use of a jeep or similar vehicle to
drag several hundred feet of such large hose as the cleaning opera-
tion progresses, cuts the manpower requirements in half. It alsc
serves to stabilize the operation into an uninterrupted removal pro-

sfehdeee - e

Working with firehoses and opposing 40 pounds of nozzle thrust i
on pitched roofs can be razardous. Pressure surges, nozzle whip, » :
slippery footing and worker tatigue, taken singly or together, can
result in serious casualties. For this reason, lobbing streams from
ground level onto roofs with steep slopes is a mor¢ desirable tech-
nique; and, for most promimently sloped roofs, it is probably Jjust
as effective as direct hosing at roof level (see Fig. L4.1.9).
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Tar and gravel rcofs do not lend themselves to lobbing tech-
niques Aue to the large amount of gravel thet must be removed and
the low roof pitch. Because of their relatively flat slopes, how-
ever, decontamination operations with high pressure streams can be
carried out in comparative safety.

Before initiating any wet decontamination procedures on roofs,
all electrical power to buildings should be cut. Care must be exer-
cised to not inadvertently play water streams onto nearby power lines
and transformers which may still be activated.

The advantage of fan shaped streams over standard fire streams
was not definitely established (as they were not tested under the
same conditions). The general improvement in the overall technique
employed on tar.and gravel may have been more responsible for the
increased performance than the fan nozzle.

4.5 BSOURCES OF ERROR

Error in the results came from two major areas, namely the deter-
mination of the mass level on the surface and the performance of the
decontamination equipment. The sources of error in the performance
data are quite limited and fairly unimportant. Possible sources of
error include: total time consumed; equipment variability such as
pump, and hence nozzle pressures; and operator variability, due
primarily to inereasing experience.

The main sources of mass level error include the following areas:

synthetic fallout composition, instrumentation, distribution and re-

istribution of the synthetic fallout, and surface condition. Con~
siderable variation in composition existed between individual batches
of the synthetic fallout material (see Vol. I of this series of reports
for further details). Although there is presently insufficient .infor-
mation available to determine the importance of these variations upon
the results, it has been assumed to be relatively. unimportant when
compering the various methods. The primary source of instrumentation
errot was from the mobile shielded detector; it is estimated that time
ing variations and change of response in the crystal caused an error
of approximately 12.5 %. The L.pi gemma ionization chamber and the
large sample counter, being laborstory. instruments, ha're an inherent
error of less than 2 4. Redistribution by wind of the eynthetic
fallout during or after spreading was the largest unkmown factor in

“the data. Even a low wind blowing during the spreading operation

could fractionate the synthetic fallout by cerrying away the fine
particles while a;lowing coarser material to settle on the surface.
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This fractionation, although occurring before surface readings were
taken with the mobile shielded detector, could cause & variation
in the specific activity of the contaminent, producing anomalous
reedings. The most important wind effects, however, were those
produced by a moderately strong wind blowing across the test strip
after the initial reading (I,.) hed been taken but prior to decon-
tamination. In such cases, %he calculated initial mass level could
be in error by as much as a factor of two. The two major sources
of errors, wind effects and instrument error, are largely cancelled
out by using the calibration factor k (see Appendix ¢). The vari-
ation in the individual readings, expressed as one standard devia~
tion, are shown on Figs. 4.1.4 through 4.1.9.
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“Lobbing - Composition Shingles

CHAPTER 5
CONCLUSIONS AND RECOMMENDATIONS

5.1 CONCLUSIONS

Two parameters, derived from the test data, and used for the
comparisor of methods, were Kb vhich is an expression of rate of
removal and M§ which is an expression for the ultimete level ob-
tainable at very high effort levels. The derived values of 3Kq
and M3 are shown below.

'Method—Surface

Conventional Flushing -~ Asphaltic Concrete
Conventional Flushing - Portland Concrete
Improvised Flushing - Asphaltic Concrete
Improvised Flushing - Portland Concrete
Firehosing = Asphaltic Concrete
Firehosing - Portland Concrete

Firehosing = Tar and Gravel Roofing
Firehosing - Composition Shingles

=
©

=
o%

PEEEPOwWwW
CRaRRELLE
FEORDEDED
8838888838

The most efficient method would be one which hae the highest Ko
value and lovest M% value.

The wet decontamination methods tested were found to be effec-
tive in removing-all the inipial mass. loadings used in the tests on
all the surfaces. For any given method/surface combination, the =
removal effectiveness was observed to be a function of the initial
mass loading and the effort expended. In case of tar and gravel
roofing, the amount of loose gravel must be taken into account.

" The performance of motorized flushing was superior to that of
firehosing for both types of pavement.
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Portland cement concrete was more readily decontaminated by
motorized flushing than asphaltic concrete.

An improvised flusher system was found to be a feasible method
and also found to be competitive with a conventional type flusher,
insofar as decontamination performance is concerned. »

Streets having a prominent grade (not more than 6 percent) do
not impeir the operation nor the removal effectiveness of motorized
flushing techniques.

The fan nozzle represents an adequate tool for the decontami-
nation of roofs, including tar and gravel and composition shingles.

Lobbing of firestreams from ground level is competitive with
direct hosing at roof level, providing rocof surfaces are reasonably
smocth and roof slopes furnish ample drainage.

5.2 RECOMMENDATIONS
Because of the difficulty in evaluating the exactness of fit of
the decontamination equation with the test data it will be necessary .
in future tests to determine the respective values of M*, M%, & and K,
over a broader range of effort and initial mass loadings. e intro-
duction of more closely controlled decontamination rates and other
related parameters in future tests should further improve the present
theoretical equations or provide information that will lead to the
development of a more exact theory. This would provide more reliable

methods of interpolating and extrapolating the data to other conditions . -

of interest and reduce the requirement for costly apd exteraive experi-
mentation. -

As a means of improving the performance of wet removal methods,
continued studies should be made of nozzle design and arrangement
for both mechanized and manual techniques. This could be an extension
of the type of investigations described in Appendix A and would meas-
ure the importance of stream pattern, nozzle attitude, stream energy
etc. with respect to removal effectiveness and effort.

More complete testing of the performance of combined decontami- '
nation procedures (Ary and wet) is recommended, in order to fully
exploit the best features of each.

'I'he possibilities of lobbing techniquea \should be explored in
order to define the limits imposed by roof slope and surface roughness.

6l




A means for controlling the gravel removed from tar and grevel
roofs should be developed to minimize or eliminate the problem of
ultimately having to remove this same gravel from bullding surround-
ings.

The removal of loose gravel prior to the arrival of fallout

should be considered as a means for reducing the recovery effort
expended on tar and gravel roofs.

Approved by:

Oy
C. F. MILLER :
Head, Chemical Technology Division

For the Scientific Director
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APFENDIX A

. PRELIMINARY STUDIES

. A preliminary experiment was conducted on a complete assortment
of nozzles to observe the behavior of Jet impact as a function of
nozzle pressure end range. The tests consisted of directing the
nozzled streams against a flat plate fixed to a weighted penduium,
Any deflection noted in this apparatus was directly proportional to

the impact forces acting on it.

Tebles A.1, A.2 and A.3 show the test results on three types of
nozelee; fire, street flusher and specially manifolded nozzles, res-
pectively. As expected, the deflection (and hence the impact) in-
creased with the pressure for all nozzles tested regardless of type.
Except for the astreet flusher nozzles, however, the influence of renge*
on Aeflection (impact) was negligible. Table A.l indicates that, for
any fire nozzle under a given pressure, the deflection was sasentially
constant over ranges of 1 to 8 feet. For the specially manifolded
nozzles covered in Table A.3 deflections were again almost constant

at ranges of 1/2 1o b feet. QOreater ranges were of no interest, since

these nozzles were designed to be used relatively close to surfaces.

As shown in Table A.2, impact tests of conventional flusher nozzles -
were performed at three nominasl orifice settings. Because of increas-
ing difficulties with the pressure aystem it was impoassible to dupli-
cate flov rates of certain runs, particularly at the 1/8 inch setting.

At & pressure of. 10 psi and a setting of 1/16 inch, the deflections
appear inversely proportional to the range. Loss of impact was about
9 percent as the renge incressed from 1 to 3 feet. Where a 3/64 inch
setting vas employed, the deflections were unsffected by the slight
changes in range at the given test pressures (40 and 50 psi). A
break up in stre4m pattern was cbserved later during field runs at
higher pressures; hence, it i1s possible, that for this specific
nozzle design, 3/64 inch is a oritical setting. It was therefore
decided to use the 1/16 inch setting during actual street flusher

- tests as it used the least volume of water without permitting separa-

tion of the jet stream.

¥The distance between nozzle and impact plate at zero deflection.
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TABLE A.1l

Impact Tests of Fire Nozzles

Nozzle Type Orifice Press TFlow Range ' Deflection

Diam.  (psi) (gpm) (ft) (in.)
(in:)
1-1/2 in. Fog 5/8 ho 68 8 3-1/2
Nozzle g0 96 8 T-1/k4
. 125 124 8 11-3/L
1-1/2 in. Fire 5/8 ko 70 8 h.1/2
Nozzle 72 L 4-1/8
72 1 b
80 00 78 - 7-3/4
100 b 8
102 1 8
125 126 8 11-3/k
126 b 11-3/k
126 1 11
1-1/2 in. Forester 1/2 50 50 8 3-1/2
52 - 4 3-3/8
52 1 .3-1/8
100 70 8- 6-1/2
T2 L 6-3/4
B U 6-3/8
175 96 8 11-1/2
ok L 11
98 1 1
© 1-1/2 in. Forester  7/16 75 - k6 8 3-3/4
g0 4 3-5/8
s 1 3-7/8
150 é2 8 y
g e " 6-7/8
61 - L 7-1/8
200 T2 8
. 7% 4 9-1/h
IS 9-1/8
1-1/2 in. Forester  3/8 15 36 8
/ ‘ 38 -4 3-1/8
I 1 2-3/b
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TABLE A.1 (Contd)

Impact Tests of Fire Nozzles

Nozzle Type Orifice Press Flow Range Deflection

Diam.  (psi)  (epm) (ft) (in.)
(in.)

150 50

200 56

1-1/2 in. Forester  5/16 5 2l

150 3k

Curve Tip 5/16 75 -
. (Devilbia)k - ‘ _ 2l

150 30

ll in. Lance - 3/8 50 26
Conical Tip 26
100 o3

150 4y

FOFOF PO\ PFORPFOFRF® FFORFOFF®O® FFOHE&E®©
VW ERFW W FEFFOLBWEPEE G Fww FEED 333V
vy

Continued
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TABLE A.1 (Contd)

Impact Tests of Fire Nozzles

Nozzle Type . Orifice Press Flow Range Deflection

Dism.  (psi)  (apm) (ft) (in.)
in.
Curve Tip 3/8 50 22 6 1-1/4
_ ‘ 22 1 1-1/4
100 30 6 2-1/2
30 1 2-5/8
150 38 6 3-7/8
38 1 3-7/8
200 Ly 6 5 ‘
‘ Ll 1 5

T2




TABLE A.2

Impact Test of Conventional Flusher Nozzles

Sa——

—

Orifice Dimensions#* Press Flow Range Deflection
(in. X in.) (psi) (epm) (£¢) (in.)
8-1/2 x 1/8 , 10 140 2 38
. , 15 180 2 63
20 220 2 87
. 8-1/2 X 1/16 25 130 2 L8
30 140 2 63
Lo 180 3 83
180 2 90
o 180. 1 ‘91
8-1/2 X 3/64 30 80 2 35
' : . ko .90 2 - b9
90 1 k9
50 100 3 62
100 2 61

Wnctions" shown for minor orifice dimension are approximb.ﬁe. ‘
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TABLE A.3

Impact Test of Specially Manifolded Nozzles

Nozzle No. of Orifice

P

ress

Flow

Range

Designation* Nozzles ?1am5 (psi) (spm) (£%) (in.)
in.

U1550 6 11/64 50 32 1/2  1-3/4
' , 32 1 1-3/4

32 4 1-3/4

100 k6 1/2  3-1/2

4 1 3-1/2

" 3-1/2

150 56 5-1/2

Sk do 5-1/k

54 - 5-1/h4

N 200 64 7-1/8°

AR Y B 61‘_ do 7

_ ‘ 6l ' 6-7/8
U1570 I 13/64 50 30 1-1/2
: 307 do 1-1/2
30 1-5/8

100 - 3-1/k

ka2 @ 3-1/4

_ Lp 3-1/8

150 50 )

50 do 4-7/8

50 L-7/8

200 58 6-3/8

58 a0 6-3/8
58 6-1/k4 -

vooT0 " 13/64 50 26 1-1/2
26 4o 1-1/2

26 1-1/2

Continued
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TABLE A.3 (Contd)
Jmpact Test of Specially Manifolded Nozzles

Nozzle No. of Orifice Press Flovy Range Defletn

Designation* Nozzles ?iamj (psi) (epm) (f£t) (in.)
‘ in.
100 3k 2-7/8
3 Ao 2-3/4
3k 2-3/4
150 Ly 4-3/8
Ly  deo La1/b
L } k-1/8
200 50 . 5-3/4
50 do 5-5/8
50 5-1/2

. #Model numbers of Spraying Systems Co.
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Improvised Jeep Flusher Tests

Because street flusher was being repaired at the time, it was
necessary to carry out interim test runs with an improvised flusher
system. This syatem consisted of a Jjeep drawvn crash trailer, with
sets of sultably manifolded nozzles attached to the bumper of the
© Jeep. A tank, with high pressure ptmp, on the trailer supplied water
through hoses to the nozzle manifold. The latter was made up of 6
nozzles spaced on 5-5/8 inch centers along & 1-1/4 inch pipe. Fan
shaped streams from each nozzle combined to form a continuous flat
gheet of water about 36 inches wide.

Cleaning passes were made at controlled speeds over asphalt
paved areas covered with approximately 100 gms of nonrsdioactive
" gsimulated fallout soil per square foot. The attack angle a (batween
the stream and the pavement) and the azimuth angle B (between the
stream and the direction of jeep travel) were ) ried to determine
the optimum nozzle attitude. A constant range’of 2l inches was main-
-tained between the nozzle tips and the paved (furface. Four differ-
ent sets of nozzles were tested. The cleaning rate was paced by the
visual removal of the fallout simulant. .

. Table A.l contains the jeep flugsher system performance figures
for those runs which appeared to give an.estimated,average removal
effectiveness of 95 percent. It is of minor importance to note hare
that the beat performance from the standpoint of rate of removal and
water consumption was obtained with the Ul550 and Ul520 nozzles. The -
really significant findings concexrn thie behavior of nozszle arrangements
belonging to this general design. .
Before discussing the findings it is necessary to explain two of

~ the column headings - the first being the one entitled Econoiy Ratio

(P). B8ince it is desirable to achiave a high rate of removal vith a
low expenditure of water, the ratio of rate over unit consumption would
seem to indicate relative cost of the various test runs. A high value
of o means savings in water and time (as well as dosege to recoveﬁy teams) .
It should be noted thatohas the rather unusual dimensions of f£t*/gal/min.
Another value was also computed and entered in the column headed Unit
Energy. This quantity is the stream energy per unit area in £t 1b/ft2.

During the test runs it was observed that less streaking occurred
and hence greater removal effectiveness resulted for attack angles of
30 and 45 degrees and an azimuth angle of €0 degrees. A study of
Teble A.4 discloses that the economy ratios were also greatest at
these settings, ranging from 5 to 6.7.
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Teats of Fire Streams

Tests were also conducted with & variety of hand held nozzles
which provided three basic stream patterns; i.e., cylindrical, coni-
cal, and fan shaped. The test surface (pavement) the concentration
of soil simulent (100 g/ft2) and the required removel effectiveness
(95) were the same as before. Cleaning passes were again made at
visually controlled rates. By using & 500 gpm defense pump at the
hydrant a wide selection of pressures were avalilable. Standard 1-1/2
inch firehose was used with al. 'e nozzles tested.

Table A.5 gives the results for the cylindrical and conical streeam
patterns. A study of the tabulated values discloses that, wherever two
or more runs were made with a given nozzle the rate always increased’
directly with the pressure. Curves of pressure Pversus rate R are
shown on the log~-log plote of Fige. A.1l through A4, With but one
exception, these curves appear as straight lines having the same
positive slope m equals 2. The general equation fitiing these curves
is . .

J_.nP2 -=lp, =m (ln R, - 1n?32).
When P equals 1, 1ln Pl is zero and ln Rl becomes a constant 1n G
and’
m
lnp, = 1n (R,/G)

or »
R = gpl/m o (aa)

From a further examination of Table A.5 it can be seen-that,
vith one exception,* the unit consumption remains fairly constant
for a particular nozzle. This all points to the possibility of scme
correlation between the constant in equation A.l and the constant
behavior of the unit consumption. By definition,

Unit Consumption Cy = Q/R gal/ft2 { . .~  (A.2)

8ince Q is for all practical purposes equal to orifice area gt
times pl 2

, 1/2

Cu=ap’'“/R
or R-L pif2 (4.3)

u

#The exception noted here and earlier involves the same group of data,

namely, that obtained from testing the l- 1/2 inch sulclde nozzle with
a specially reammed 5/8 imch tip.
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TABLE A.5

Tests of Handheld Fire Streams

Nozzle Type Orifice Range Press. Flow Rate Unit Econ.
l()ia.mj (£t) (psi) (epm) (£t2/min) Cnsmptn 1(1;*;10
in. ' . al
’%1 12 '
_ Cylindrical Patterns
1-1/2 in. ’ 5/8 6-8 38 70 260 269 0.97
suicide Ly 75 . 235 . 319 0.78
65 90 285 315 0.91
75 100 333 300 1.11
1-1/2 in. fog 5/8  6-8 75 98 333 295 1.13
_ o 80 96 333 288 1.16
1-1/2 in. 5/8 15 W 70 ko 170 2.41
suicide 50 80 Lgo 163 3.00
: 70 95 506 188 2.70
1-1/2 in, fog  5/8 10-12 36 68 370 184 2.00
. o 15 54 77 Lés 165 2.82
20-3 T70. 90 500 180 2.78
1-1/2 in. 12 12 58 55 285 194 147
Forester 12-15 €0 56 250 224 1.12
_20-30 96 T1 385 186 2.07
15-20° 110 7 350 220 1.59
15-20 120 8 385 2ko 1.60
1-1/2 in. . 7/16  20-25 70 46 285 161 1.77
Forezter 15-20 70 T 2hl 188 1.30
20-30 100 5k 333 162 2.06 -
20-30  1kb 62 333 186 1.79
1 in. La 8 6-8 160 L 181 249 Q.
( S:raitng';p) 3 180 h; 150 313 §:18
1 in. Lance 3/8 6-8 160. 39 215 181 1.19
(Curve Tip) .
Continued
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TABLE A.5 (Contd)

Tedts of Handheld Fire Streams

l\ - — -
Nozzle Type Orifice R Press. Flow  Rate Unit Econ
Diam. (?2?' (psi) (gpm) (£%2/min) Cosmptn Ratio
(4n.) %1 (o)
Conical Patterns '
1-1/2 in. 5/8 10 3k 66 470 140 3.36
Reaxed 27 70 Lgs Lhb 3.36
6 7 610 126 h.83
50 80 565 141 k.00
66 92 900 102 8.82
75 ‘9 900 108 8.34
1-1/2 in. 1/2 6-8 L6 b8 320 150 2.13
Reamed 70 60 345 17k 1:98
100 72 510 1 3.61
1-1/2 in. 7/16 6-8 100 5k 300 180 1.67
Reamed 135 ée 355 17 - 2.03
150 66 380 17 2.18
1-1/2 1in. 3/8 6-8 115 b6 276 167 1.65
Reaned 150 52 330 157 2.10
1-1/2 in. fog  3/8 15-20 90 k2 0T 137 247
1-1/p in. 3/8 12«15 120 kT . 350 ik 2.6
- 12 1 50 390 128 3.08
10-12 160 53 k7 127 3.28
15 200 58 Lé&o 126 - 3,65
large Scale Stoneman II Dress Rehearsals
1-1/2 in. 5/8 15-20 68 93 530 175 3.03
suicide ‘ 80 100 650 15k 4,22
1-1/2 in. 5/8 10 70 gg 860 . 110 7.62
Reamed ' - T5 ‘ 790 - 12k 7.02
1-1/2 in. /2 15-20 110 78  L60 169 2.72
Forester :
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Comparing equation A.l and A.3; if
slope m = 2 (A.4)
then ¢! = a/0, : (A.5)

However, orifice size "a" is constent for any one nozzle thus meking Ci
& constant also. Hence equation A.3 becomes

R = G' p]‘/2 - (a.6)

which ig identical in form to the general expression in equation A.l The
above expression describes the dependence of rate upon pressure within the
limits of the available test data. It therefore appears that, for a
given removal effectiveness, increased nozzle pressure will not cause

an increase in unit consumption.

During the test runs with the 5/8 inch tipped nozzles (suicide or
fog) it was found that by reaching out beyond the usual rarge to 15 or
20 feet the cleaning rate increased 33 to 43 percent. The unit consump- -
tion was decreased an average of 4l percent causing the economy ratio 0
to increase by factors of 2- 1/2 to 3. To explain this marked improve-
ment in performance it is necessary to compa.re descriptions of the stream
behavior for the two techniques used.

When directing the stream at close range, 6-8 feet from the nozzla,
the pattern is usually cylindrical and compact. - Because the resulting
impact region is only & few inches square, the stream cannot be readily
made to provide the coverage necessary to maintain a high rate of removal.
In addition, the angle of attack (A/30°) is so great that an appreciable
fraction of the flow is wasted in harmless splattering.

By contrast, working at long range allows the stresm to open up,
thus providing an impact region of approximately ons foot square.. Reach-
ing 15 or 20 feet flattens the attack angle {10°) to such an extent
that splattering is almost eliminated. Most of the water;, upon striking
the surface, scoots forward 10 feet or more before losing its cleaning
power. In this way the removal action is teking place over an area
which exceeds that of the initial impact region by several square feet.
This larger coverage plus the more complete utilization of the stream's
available energy appears to be largely responsible for the improvement
observed. It is also possible that this water which ranges far ahead
of the main stream may condition the contaminant in advance making it
fluid and thus more readily removable. :
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Because of the above findings, the l-l/2 inch Forester®* nozzles
having 1/2 inch and 7/16 inch tips, respectively, were tested at long
range only. Table A.5 indicates that these nozzles, when so employed,
exhibited greater economy ratlos than the larger nozzles (5/8 inch tip
size) used at close range. 'This further substentiates the advantage
of the long range technique.

Two special 3/8 inch nozzles on 1 inch lances were tested and
found unsatisfactory. Their stream patterns were too small (even at
ranges longer than 8 feet) to permit high removal rates. Low economy
ratios are also evident in this case.

In order to incresse the size of the impact region without in-
creasing the range, the tips of four nozzles were reamed so.as to
create conical stream patterns. Test results for thege nozzles are
shown in the latter half of Table A.5. For the larger nozzles, -5/8 and
1/2 ineh orifices, the performance: of conical patterns demonstrated a
definite improvement in cleaning efficiency. Rates and economy ratios
went up appreciably as unit consumption decreased. Unfortunately, with
the creation of the conical stream pattern, a pulsating reaction occurred
at the nozzle. This pulsation was toc strong for 'the nozzle man to
ignore, since he was kept off balance trying to oppose the fluctuating .
thrust. For this reason the reammed nozzles could not be recommended
and were not uesed later during Stoneman II tests. In principle the
close range conical stream is promising, but & simple means must be
found to form such & pattern without the attendant pulsation. ‘

_ Performance of & Forester nozzle with a 3/8 inch tip was better
than with the reammed version of either the 3/8 or 7/16 inch tips.
This nozzle gave a conical stream pattern naturally (without reaming)
and appeared to e more efficient than fire nozzles with conventional
5/8 ineh orifices. However, the latter type proved to be capable of
significantly greater rates and economy retios, &s eventually dis-
covered in the full scale dress rehearsals just prior to Stoneman II.
Results of these and other runs are given at the bottom of Table A.5.

The foregoing firestream tests culminated in the choice of a
nozzle with a 5/8 inch orifice for the actual field tests. Since the
more expensive fog nozzle offered no particular advantages, the sui-
cice model or plain fire nozzle was finally selected. The nczzle was,
of course, to be used in conjunction with the long range techniques.
In developing this technique, it appeared that a flatter attack angle

; would further improve the removal performance.  This means lovering
the nozzle from about three feet to perhaps one foot above the surface.

#The Forester nozzle like the suicide nozzle is & conventional fire
nozzle.. However, it can be fitted with various tips and thereby
reduce the orifice size. : :

86




Obviously, manual control of a high thrust nozzle in such a position
is not practical. However, the means of attaining this advantage
should not be overlooked.

Development of & suitable nozzle for bullding roofs required
edditional testing of nozzles provliding & fan shaped pattern. These
nozzles were referred to as fan nozzles, and the results of their
tepte are entered in Table A.6. The tabled data together with the
appropriate pressure/rate curve of Fig. A.5 indicate that the per-
formance characteristics of the 15 and 35 degree fan nozzles were
almost identical. As in the case of the flre nozzle tests, the
curve is a straight line having a positive slope of 2 denoting &
constant unit water consumption.

A varied performence was exhibited by an 80 degree fan nozzle,
although it seemed cempetitive with the sbove nozzles when under e
pressure of 150 psi. Even 80, the stream pattern was too wide, mak-
ing it difficult to direct the run off along a unidirectional path.
Considerable contaminant was inadvertently pushed to both sides
despite all efforts to contain it. From this and the previous nozzle
runs, it was concluded that & fan angle near 35 degrees would be sat-
isfactory. ‘ ' '

Because of their small size and restricted flow, the removal
rates achieved with the fan nozzles were not generally as high as
those for the fire nozzles. For this reason & larger nozzle designed
with an eliptic orifice was fabricated and tested. Table A.6 shows
the results of tests for two orifice sizes, a 3/8 X 9/16 inch orifice
~ and a 3/8 X 1/2 inch orifice, respectively. From these results it is
" evident that the larger eliptic (3/8 X 9/16) was by far the mos% promis-
ing of the two. Since the rune were carried out on & composition roof
where freedom of movement was very limited, the performance of the
eliptical fan nozzles was proportionstely limited. Rates were lower
and unit consumption was higher than for the smaller noz2les tested
previously on pavement. Even under these conditions, the performance
ecurve for the large eliptic appeared to hold to the straight pattern
established by all its predecessors (see Fig. A.5). Again, the slope
had a value of 2. .

A set of experiments was carried out on & tar and gravel roof.
Four different nozzles were used. as shown at the bottom of Table 6.
Although the removal rate varied from 71 to 91 ft2/min and the con-
sumption varied from 640 to 910 gal/1000 ft2, the economy ratio
remained almost constant. Whether this is a peculiarity of tar and
gravel roofs remains for further teasting to declde. :
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Street Flusher Tests

While the previocus tests were taking place the powered street
flusher (used during the STONEMAN I operation) wes being equipped
with new piping, valves, nozzles and a larger pump rated at 500 gpm.
Because of their excellent condition, permission was cbtained from
Pacific Reserve Fleet to use the concrete paved areas at the lower
ends of pilers 1.and 2. g first set of runs was made on a contamin-
ant mass level of 100 g/ft As before, speeds were controlled so as
to provide a visual removal of approximately 95 pereent of the non-
radiocactive dirt simulant.

Upon the basis of the lower flow rates and strong impscts noted
during the preliminary studies, flusher nozzles were gapped for an
orifice setting of 3/64 of an inch. This immedistely proved to be
a8 critical setting at pressures in excess of 50 psi. The fan shaped
Jets broke up into distinct fingers above this pressure and combed
through the contaminant leaving behind large streaks of mud. It
was then decided to try the next larger spabing, 1/16 of an inch.
Trial runs showed this setting to be satisfactory.

In order to push the contaminant aside and out of the way of the
truck's wheels, only thrée of the four available nozzles could be used.
The two front nozzles were adjusted.so that their jets intersected the
pavement in & continuous straight line. Trial runs showed that, when~
ever the continuity of this intersection line was broken, streaking
resulted. The left side nozzléd (Just behind the driver) was aimed so
as to pick up where the left front nozzle left off in the removal process.
Because all three nozzles had to be matc¢hed to provide sufficient over-
lapping of the Jet streams, it was not possible to make the attack
angles all equal at 30 degrees. This angle was, therefore, used as
only a rough guide in adjusting the nozzle array. /

Table A.7 contains the results of the flusher testa, the. more
important runs being those involving the 100 g/ft mass levels.
Aversge values of the tabled data have been plotted in Figs. A.6
through A.9  The solid curves apply to flusher performance and the
dashed lines apply to hosing systems involving several fire nozzles
(5/8 inch tip). With the exception of the curve for consumption, the
three remeining curves have been normalized &t 30 psi.

Figures A.6, A.7 and A.8 clearly demonstrate the superior properties
of a powered flusher system, by the rapid divergence of the dashed and
golid curves with increasing pressure. For example, in the range from
30 tc 55 psi a flusher will exhibit the following advantages over &
comparable hose and fire nozzle system:
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TABLE A.7

Street Flusher Tests

Nozzle Orifice Mass Press. Flow Rate Unit Econ.
Type Size Level (psi) (gpm) (ft2/min) Cn mptn  Ratio
Arrangement (in.) (8/££2) 1000 752 (o)
Preliminary Tests
Conventional 1/16 X 100 30 320 1730 185 9.k
3 Nozzles 8-1/2 30 320 2040 157 13.0
o 30 320 2100 152 13.8
35 348 1800 193 9.3
35 348 2000 17k 11.5
o - 378 2140 77 12.1
Lo 378 2570 147 7.5
Lo 378 2650 143 18.
u5 410 2500 164 15.2
4s 410 2500 164 15.2
L5 410 2720 151 17.9
45 ko 3000 , 137 21.8
50 k5o 2730 165 16:6
55%  L80 3100 155 20.0
55 W80 - 3220 1k9 21,
. 55 480 3430 .140 2.5
55 480 3600 - 133 27.0
100 55 LBo 3900 123 31.7?‘.-
30 30 7320 9500 34 280
" 30 50 k43 11200 | o 280
10 35 348 9500 36 264
10 50 kb3 11200 ko 280
Improvised 11/3é 100 65 102 1280 8o 16.0
b - Uyk0200's . 100 65 102 1500 68 22.1
v Stoneman IT Dress Rehearsals
Conventional 1/16X 100 55 k80 4500 106 k2.2
3 Nozzles 8-1/2 100 55 480 5130 93 55.2

#Maximum pressure obtainable for nozzle setting of 1716 inch.
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2) Consumption savings of 1/3,
3) Economy ratio gains of 2/3.

The shape of these curves indicates that the advantages would become
even greater at higher pressures. Because more poweiful pumping
systems than the one installed are available, the attaimment of these
pressures is not likely to impose an immediate limit upon rate. The
restriction in the form of a safe speed limit will undoubtedly occur
first. Further testing will probably show that, because of the nature
of the soil contaminant, a maximum rate exlsts beyond which removal
can no longer be effectively accomplished. It was found during the
early testing that 30 psi was the minimum pressure limit for complete
removal (95 %). The corresponding rate was 1900 f+2/min. Although
this was the optimum rate for 30 psi, it may be thought of as the
minimum flushing rate in conslderation of higher ~nd more desirable
pressures. ‘

%li Rate gains of 1/3,

The unit consumption curve in Fig. A.T appears t¢ have been at a
near maximum value when pressure was 30 psi. Its apparent approach,
with decressing pressure, to the constant value of 177 -gal/1000 f£t2
for firehosing (shown by the dashed line) is merely coincidental. As
the pressure increases well beyond 55 psi, the unit consumption curve
will no doubt approach some lower limiting value asymptotically
since, by definition, it can never become zero. If thie is true, the
slope of the removael curve will become more nearly constant.

The curve for volume of water used per unit of time, as shown in
Fig. A.9, demonstrates flushing, in this connection, to be at & slight
disadvantage. The curve is actually & calibration curve for the coii-
bined flow of all three flusher nozzles. As such, it points up a
weakness in the nozzle design - not the flusher system or its capa-
bility. Because of the long narrow orifice shape (8-1/2 X 1/16 inéhes)
and the lack of structural reinforcement, the nozzle lips were able
to separate under increased pressures. This enlarged the effective
orifice area and permitted excessive flow. An improved and simplified.
nozzle design would correet this condition. The solid curve ‘would
then coincide with the dashed Line shown in Fig. A.9.:

Limited runs were made on mass levels of 30 and 10 g/ft2. As
ghown by the values in Table A.7 the performance was much higher, in
every respect, than for previous runs on 100 g/f+2. Optimum performance
in the 10 gram case could not be determined, due to the fact that
flusher speeds could not be increased further for fear of driving off
the end of the pler. - , .
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Results of two runs made with an improvised nozzle system are
included in the table. This gystem conslsted of four manifolded
Uko200* flat jJet nozzles mounted on the front of the street flusher.
Attack and azimuth angles were set at 30 and 60 degrees respectively
in accordance with the findings of the Jeep flusher tests made earlier.

In order to establish a basis for comparison between this impro-
vised system and the conventional flusher system tested earlier, the
data for the former must be adjusted to & 14 nozzle arrangement. Such
an improvised system (I) provides about the same coverage (7 feet) as
the conventional flusher (c) and a comparison gives the following
results;

(1) (Rate)I o (Rate)c
(2) (COnsumption)I ar 1/2 (Consumption)c
(3) 2,2 3/2R

Although the coﬁparisons appear optimistic, they serve to demonstrate
the feasibility of improvised systems as & substitute for conventional
flushers. , &, . ,

Nozzle Calibrations

Figure A.10 contains the nozzle calibration curves for the four
individual types of nozzles eventually used at the STONEMAN II tests.
The two curves at the extreme right hand side of the figure give the
flow behavior of nozzle combinations comprising improvised and con-
ventional flusher systems, respectively, as used &t Operation STONEMAN II.

PRELIMINARY FINDINGS

1. Within the anticipated limits (1 to 3 ft for fixed nozzles and

1 to 8 ft for hand held nozzles) the impact of water streams doesn't

© diminish significantly with 1ncreased range.

.2, For Pixed nozzles which have flat fan shaped streams, as proposed

for street flushers, removal effectiveness and econcmy ratios are
highest for attack angles between 30 and 45 degrees and an azimuth
angle of about 60 degrees.

3. TFlusher tests showed that to prevent streaking and thereby achieve
the desired removal effectiveness, the two front nozzles must be matched
80 that the water jJets impinge on the pavement in an uninterrupted
straight line. '

¥Spreying Systems Co. model numbe:p‘
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k. TIn the case of hand held nozzles having cylindrical streams, long
range application at small attack angles (about 10 degrees) permits
optimum removel rates. The standard 1-1/2 in. fire nozzle with a
5/8 in. orifice proved to be the best of those teated when operated
at a range of 15 to 20 ft. .

5. Conical streams are very effective at close range, but the attesl-
ant pulsation in the stream's thrust creates excessive fatigue to the
nozzle man.

6. The best design of & nozzle suitable for building roofs is a 1 inch
nozzle with a 3/8 X 9/16 eliptic orifice which provides a relatively
flat fan shaped stream having an included angle of about 30 degrees.

T. The trial nozzle system for improvised street flushing appears to
be equal or better than the conventional arrangement from the standpoint
of rate, consumption and economy ratio. -

8. Because of the greatar rates pdssible,” increased nozzle pressure
causes no increase in unit consumption. In fact, unit consumption
even decreases with higher pressures and rates (see Fig. A.7) when
motorized flushing is employed. '

The above findings are restricted ‘to initial mass loadings of
100 g/ft2 and a removal effectiveness of 95 %.

M . o
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APPENDIX B

B.l OBSERVED DATA

The following tables present for each test the radiation measure-
ments cbtained at the monitoring locations on the test areas. The
measurements have been background-corrected and decayed to the mid-
time of the initial readings. All measurements were taken with the
Mobile S8hielded Gamma Detector Unit described in Volume I of this
series of reportse. Table B.l, B.2 and B.3 present the raw data

utilized to obtain the effort required for each surface-method
combination. .

A map of Camp Stonmeman indicating the various test areas is
shown. R :
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TABLE B.1

Raw Data for Decontamination Rate mnd Effort on Pavements

Teat Date Aresa  Time HNo. of  Nozzle No. of, rate(®)  gpreort(2) speeal®)

2 min  Nozzles Pressure Psssesil)  £t2/min mR-min/ mph

pai 104 P2
Conventicnal Mutorized Flushing
AL 8/27 6000 1.48 2 45 5 4050 2.47 5.76
A2 8/21 1.6 3 55 5 3750 2.66 5.3
A3 8/25 3.25 3 55 5 18hs5 5.2 2.63
Al 8/30 0.8 3 55 5 7500 1.33 10.65
A5 9/15 1.10 3 55 5 5450 1.83 7.7h
AS1 9/16 - 3 55 5 5350 1.87 7.6
A6 8/25 1.8 3 us 5 3330 3.00 b Th
AT 8/30 0.5% 3 55 5 10900 0.92 15.5
A8 8/30 0.75 3 55 5 8000 1.25 11.34
ABL 9/19 0.73 3 80 5 820 1.21 11.7
A9 8/26 1.11 3 55 S 5420 1.85 7.67
Al0 9/19 14500 0.67 3 &0 b 6720 1.kg 9.50
A1l 9/16 2800  0.66 3 55 3 4250 2.36 7.23
Al2 9/1 4500 1.56 3 55 k.1/2 2850 3.47 k.59
AL3 9/13 12500 2.0 3 55 h§3 €250 1.60 1.k
ALY 9/20 12500 - 3 &0 4(3 2550 3.92 b, 64
abos(¥) g/20 5000 - - N-A. 6 1920 5.2 5.25
ABOT 5/60 3000 U.58 3 [=3] [ 5700 1.76 10.3
Improvised Motorized Flushing
AlS 9/15 €00  1l.42 1k 85 6 4220 2.36 7.20
AL6 8/29 1.57 1k 85 6 3820 2.62 L 6.52
AL7 9/1 2.1h 14 85 [ 2800 3.56 . 4.78
A8 9/5 0.77 1k 85 ] 7800 1.28 13.27
A9 9/17 1.22 1 90 6 4920 2.03 8.38
A20 9/10 - 1h 90 - 3975 2,51 6.7
A20L  9/13 - 1 85 - 1690 2.13 7.98
Azl 9/15 k500  0.72 - 14 80 5 6250 1.0 11.03
A22 9/17 4500 1.1 1k 8 5 4090 2.4k 7.25
A23 9/13 k500 . 4 85 5 2500 3.8 .57
1) No. of adjacent passes for one complete coveraga of test area.
2) Computed. )
3) Flushed 2 passes in each direction.
(4) 8 = Qweeping
F = Flushing
NA = Not Applicable
TABLE B.2
Raw Data for Decontamination Rate and FK{fort:
Firehosiny Pavements

Test Date Area Pime No. of Nozzle No. of ﬁat“'(l) F.I‘l‘ort(l) Spe"ed,(l)

112 win, Nozzles Pressure  Men f7/min man-min/10" £t £t/min

poi :

A2b 8/30 6000 [ 2 TH-20" 5 1460 Ju.1 36.5
A25 9/2 443 1e-30 1360 6.9 33.9
A251 9/13 4.1 1 1460 3.1 36.5
A25i1  9/18 5.6 70 1070 ho.o 26.8
AR6 /4 10 T8-80 T w00 33,3 15.0
A264 9/18 5.65 & : 1060 LYY 26.5
A27 8/30 2.2 750 ’ 2720 13,3 68.2
A28 9/2 3.08 160 - 1950 257 48.7
A29 9/6 8.7 "o w90 7t b . 17.2
A30 9/5 4000 2.t & 1600 11.3 40,0
A3l 9/9 4500  b.C I 1126 wh.5 35.0
A32 9/18 4000 b 3o ' N6 b5 22.9
TI) Computed values. -
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TABLE B.3

Raw Data for Decontamination Rate and Effort on Roofs

Test Date Area Time No. of Nozzle No. of Rate Effort
(£t2) (min) Nozzles  Press Men (ft2/min) man min

30° Fan Nozzle on Tar and Gravel

ARl 9/8 1o 12 2 150 6 120 50
2 9/“17 9 160 37.5

3 9/4 iz 120 50
L g9/8 9.2 158 8.4
5 9/17 6.7 21k 27.9
6 9/13 8 . 180 33.4 -
300 Fan Nozzle on Composition Shingles |
ART 9/8 9% 2.9 1 10 3 3w 8.8
8 9/9 1500 4.7 320 9.4
9 9/12 990 7 1o 2.2
10 9/15 1500 .35 640 b.7
11 9/9 1500 3.3 455 © 6.6
12 9/13 1500 3.75 koo 7.5

Mbﬁingif Fire Streams on Composition Shingles

AR 13 9/15 1665 6.7 1 k3 250 12.1
14 9/19 1620 6.1 265 11.3
15 8/25 1708 9 90 . 15.8

it
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TEST DATA SHEET
12N MRDL-1000 (6/59)

TESTNO, 42 SURFACE TYPE ___a=C_
DATE 27 aug, 1958 AREA No, —a=l7
PROCEDURE  _cuF AREA S1ZE 40" x 150t

( 6000 &g, ft.)

~
1N
W
o~

5799 5220 6385 6395 4241 3943 4691 4735 1«?08 5385
i O (g G S

+

6304 5511 4272 4Ll64 4549 5800 5616 4774 4787, 4178 4971
+ + + + + O+ A4+ F

6%&6 Ef_I.Z 5i)8 ET_B‘) 53'20 5i35 Az&_rs 9_}_37 4521 i93- 5_3}5

Ra : ' G Divaction  off. Otcontammatim

woP R P R P ow owow oy o

322" 26 am 266 236 12 19 21 17 g 162
¥ % ¥ 3 ¥ T o

383 334 28 269 217 244, 225 203 222 17 183
+ + + 4+ + + F 4 ¥

105




TEST DATA SHEET
120 MDL-2000 (6/59)

TEST No. A~2 SURFACE TYPE A0
DATE 21 Aug. 1958 AREA No, A=22
PROCEDURE ___CMF AREA S1ZE 40" x 150!

( 6000 aq. ft.)

L.
4562 3600 2376 2204 2307 1546 2719 2454 5783
+ + + + 4+ + 4+ 4+ %
5133 4677 4621 3563 5365 4420 5539 4303
+ + + 4+ + + F+ + + F+ +

4000 3534 4338 3775 4639 2880 3058 2785
+ + + + + + + + + 4+ +

R,
165 105 160 117 107 121 1% 123 135 187 138
¥ + + .o+ + 4+ F F o+
192 222 231 255 2w 206 206 249 197 232 16
+ + F R St + +
ue 119 10 1100 199 Lo 125 14 1% 8 8
o+ o+ g + +
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TEST DATA SHEET
12D MRDL-1000 (6/59)

TEST NO.  _8=3 SURFACE TYPE A=C
DATE _R5 aug. 1958 AREA No, A-23
PROCEDURE _CWF AREA $IZ2E — 40! x 150"

( 6000 8q. £t.)

56_:7_4. 11811 8?&6 73?7 19§1:40 7-3_03 7}*0_5 {%827 12&56 94_55 1-3‘906

7007 10452 10507 10740 11773 12709 10360 11259 12102 10503 12064
-+ + 4+ + + 4+ o+ O+

12_’6177 1-..?_572 95&3 l_3|__508 11325 11?97 19*9_01 73_84 52&6 éi% 1f'(37

M 148 118 125 95 9% 79 85 g . 9% . 60
“+ O+ F OF O+ O OF OF 3 %

1?3?-21212,&-1’1183—7#&634--54- 33_

1112 89 126 '146 75 49 40 49 39 £l 27
+ + + + + + + + + + +
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TEST DATA SEEET
1200 MDL-1000 (6/59)

TEST No. A=4 SURFACE TYPE _40
DATE 30 Aug, 1358 AREA No, —A=ls
PROCEDURE _CMF AREA $12E 40! x 150!

( 6000 sq. ft.)

34 2808 2706 2810 2013 . 2981 2865 2403 275 3075 3975
e

3320 3_?_8§ 999 8 g 9 1:1‘3.4 g e
| 42’9_3 l:g.l 5?2 5_£~7 515 5_?_92 519 6_1._28 6}&4 6_?_51 lﬁﬁl.

Rl 4
O R OF R PR R ow oWy
195 236 22 195 234 27 137 152 153 176 158
¥ ¥ & o s
762 1080 586 L85 376 64 236 287 237 213 125
+ + + + + + + + +
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TEST DATA SHEET
12ND MRDL-1000 (6/59)

TEST NO. a5 SURFACE “TYPE a6
DATE 15 Sept. 1958 AREA No. £=10
PROCEDURE __GF AREA $12E _Aotx 1ol
( 6000 8q. ftll)
L.

4523 5458 6397 6349 7057 5989 7599 7734 6373 5980 7558
A e N T T
8700 6665 5206 8115 5889 5897 7541 6771 58"2 6400 3889
+ + T+ -Jl— G G (R S i
7480 6862 6823 7379 5535 5865 6527 7370 6353 5663 5829
w© qe e o o op K 5

R ._
200 22 22 R26 27, 206 270 235 226 228 171 o
Py oR H Mmoo om o@ omomow
285 259 210 259 230 192 329 254 237 276 202
FOF TR TR F AT
463 336 339 378 406" 322 424, 293 276 233 155
+ 4 T+ + + 4+ + F

+ ¥
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TEST DATA SHEET
123D WRDL~1000 (6/59)

TEST NO. &5 SURFACE TYPE &5
DATE 19 Jept. 1958 - AREA No, a=19
PROCEDURE ___C&F AREA Si12E 40! x 1501

( 60U0 sq. ft.)

5450 6554 7316 6411 8115 8340 0593 7880 8268 6335 7936
+ + 4+ + + + + o+ + o+ 4

5173 6264, 7 3225 2872 2555 3418 1125 1916 3916 4415
+ 4+ + F x FF F

5489 6673 6089 3791 6265 5095 4835 3381 3906 5802 5261
¥+ Aigl N G L T

186 186 158 8¢ 1
g A

15'6_ 1_? 13'5_ 2-155 32_'#_ 2% 15? 3_39 13_‘3_ 1_}5 sg*__

220 190 191 <88 264 241 532 189 171 161 99

+ + + + + F + + +
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TEST DATA SHEET
12MD MDL=-1000 (6/59)

TEST NGO __a=6 SURFACE TYPE __a=¢
DATE 25 aug. 1958 AREA No, anl
PROCEDURE __ GwF AREA SIZE _40' x 1500

( 6000 sg. ft.)

7073 6120 (482 5415 5558 5041 5837 5709 6361 7106 7732
+ + + FF O+ O+ F O+ O+

14026 11584 10849 13467 9958 10423 13020 8035 10930 10563 6076
wing - A - O

1(40_37 ]iOOS l}ﬁlé 1._(3:716 1%9- ‘ 83_8’7 8(_)*0_5 .48325 82?_5 4.6 1_%31‘

RR 'r“'

20427 1735 2340 15 976 1662 2330 2635 2060 334 8

e e Wb o e mp ows ome o w
. : » . -

166 122 16 182 18l 17 19w, 120 13 9

a0 W ;oo @ oup W U e
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TEST DATA SHEET
120D MDL-1000 (6/59)

TEST NO. __ a7 SURFACE TYPE __aC_
DATE 30 AUR, 19,8 AREA NO. i=1
PROCEDURE ___ &F AREA Si2E 40! x 1,00

( 6000 sq. f£t.)

3868 4123 4087 3827 3680 3921 3754 - 2918 3389 3602 3033
-1 | ! + ..i. H H

42'5_0 4_?_1.6v 3326.' tw_’_y? 455_4 5_?_21« 52|§3 542-5 4§F6 4_’;_?5 5%_8_1

3171 3198 3442 3991 4584 4848 4490 4002 4112 4371 4A88
. + + + +

R+
535 515 1070 él2 621 612 670 395 341 547 597
+ + + + + -+ + + + +

o /)

278 213 223 378 356 52 391 28 189 175
o R A T F 7
820 1200 1090 7 14O 704 726 ' 460 338 320 199
4+ + + f + + + + + + +

R v

ll2




TEST DATA SHEET
12ND MRDL-1000 (6/59)

TEST No. A=8 SURFACE TYPE __a-¢
DATE 30 aug, 1958 AREA No, =16
PROCEDURE CiF AREA SI2E 40! x 150t
(6000 sq. fu.)
L
8379 8281 9611 8203 9404 8161 0002 8473 9698 8021 7913
+ + + + + 4+ o+ 4 4+ 4+ 4
10162 10859 10752 11529 10340 10525 ‘11232 10280 12404 8847 13877
Sl S i A s -l L
10008 © 12306 1058 12931 1078 13346 11299 131335 11379 11021 11789
+ o+ + 4+ + + + ( -+ 4+
R,
900 322 363 %20 212 443 306 432 280 268
+ + 71'!6 R + 4+ % T+
857 566 344 306 494 333 402 3 331 31 27
A S A R S
765 1380 932 516 568 45 399 582 394 337 258
+ + + + + + + + 4 4+ +
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TEST DATA SEEET
12ND MRDL-1000 (6/59)

TEST No. _ s8-8 SURFACE TYPE =€
DATE _19 Sept. 1958 AREA NoO, ——arls
PROCEDURE ___ _CNF AREA SI12E —AQ' x 150"

(6000 sq. ft.)

3349 3212 3522 3407 3040 3325 3673 3238 3542 3_?_04 2907
+ + -+ + + 4+ A+

4527 3880 4869 3680 3837 4808 4143 4173 5380 3868 5116
T+ -+ + + 4+ + + 4+ o+ + O+

4289 5250 4457 4406 501.7; 4305 4501 5529 3871 4092 4943
+ 4 +oF £ F

147 124 7 105 97 93 58 90 .18 9% 66
Aol 146 110 85 96 87 92 94 104 99 é8

256 488 119 135 Ll 133 120 168 100 90 86
¥ + + ¥ + F + + + o+ o+

S 11k




TEST DATA SHEET
12D MRDL~1000 (6/59)

TEST NO. a9

SURFACE TYPE ___4=0

DATE 26 Aug, 1958 AREA No, A=10
PROCEDURE . _CMF AREA S12E 40" x 1501
(6000 sq. ft.)
L,
6968 861l 8584  68l5 7837 7925 6629 7853 T84 %6 UM
+ + + + + 4+ + + -+ 4+ 4
8981 8381 9370 9870 8043 7531 942l 476 7326 8606 7624
+ + + -+ +  + 4+ - + +
M WS B0 0w o7 & 9263 8660 7275 8106 L7
¥ ¥ ¥ FF ¥ + o+
Re
268 360 193 155 232 197 48 369 1115 1785 772
-+ + + + + + 4+ + + +
16, 208 43 L8 136 129 17, 135 126 1 11
P Y ¥ R R R ¥R P
870 - 418 507 293 300 270 1030 2395 3920 167 134
+ + ¥ + + + 4 + ¥
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TEST DATA SHEET
12M0 MRDL-1002 (&/59)

TEST No. ___ _A=10 SURFACE TYPE PG
DATE 19 Sept, 1958 AREA NO. =30
PROCEDURE ___ CMF AREA S|ZE 32! x 10!

(4500 =q, ft.)

T "
1860 1743 2043 2228 2074 2252  R443 2b17 2501 2727 2409

1593 197 1732 2116 1998 1575 1759 2198 u.u. 1 172
T T T T T g P up

65 . 6?". 80 45 43 33 39

W
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TEST DATA SHEET
12ND MRDL=1002 (6/55)

TEST NoO. A-11 SURFACE TYPE P=C
DATE 16 Sept, 1958 AREA NO. 4=31
PROCEDURE CMF AREA SiZE 32' x 1400
(4500 8q. £t.)
-+
<L x
.
9363 9871 9057 9775 9983 9189 8981 8 '
g l % +9 91 _eFo 9310 eg7 7'1&2
|
. . ]
5918 4955 6686 6928 393, 5453 5 6759 17 '
gl A O R -
N )
Seam
R, v
. — T ' 1
18 14 - : '
3_ 3; 14_?_ g 9§‘_ 8. Th. T35 3 2 24+
- ]
|
o | . .
WPoosy we sy % s

woow g
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TEST DATA SHEET
12ND MDL=1002 (6/59)

TEST NoO. A=12 SURFACE TYPE P=C
DATE 1 Sept, 1958 AREA NO. A=30
PROCEDURE ___ GWF AREA SI12E 32! x uo!

(4500 sq. £t.)

L.

i
1]_.?_81. 133.80 1#?16 1_}_184 1¥04 ,1;?_526 935_?4 l_T_,BSI. l¥7l J_."._232 13#52
» \

' ' |
10937 10742 11656 1280 :
0937 107 165 12607 12133 13127 g8 14652 14738 15229 1450
. | ‘

L6 L0 301 706

+8
He

&

3
+5
+E
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TEST DATA SHEET
12ND MRDL~1000 (6/39)

TEST NoO. i=15 SURFACE TYPE ___4C
DATE _15 Sept, 1958 AREA No, — A6
PROCEDURE ____IMF AREA SIZE 40" x 150!
(6000 sq. ft.)
I,
5830 535, 5608 4320 3788 4296 5095 5459 5434 4290 4053
+ + | 4 + + + + T + +
4918 4091 2859 2160 2628 2915 83 3544 2857 2786 2061
s - T A
5232 4345 9L 3782 4227 59 5063 - 3160 3120 3406 2973
e A R A i
R,
1'82.5 211 1120 211 54 163 165 ¢ 131 13 107 152
s s g A S e A
0 271 193 196 18, 24 1380 L6 L5 175 137
+ o+ + + T+ o+ F s
346 258 211 206 240 251 ’ 253 191 186 159 U7
T ¥ ¥ 3+ ¥ X 0F 17

12l




2 1IN R - 4R

TEST DATA SHEE!
12MD MRDL-200C (6/59)

TEST NO.  _____4-26 SURFACE TYPE _a=¢
DATE 29 Aung. 1958 AREA NO. —-——A-S
PROCEDURE ___ IMF AREA Siz2€ _40' x 150"
(6000 8q. ft.)
I,
10674 11493 12283 10412 11741 10231 11810 10476 11143 9131 9052
+ + 0+ 4+ + + + 4+ 4+ o+ A4
11453 9297 12109 9595 10520 9537 10933 9‘728 10494 8650 10850
i O < O G e e s
8971 11726 €44 11660 10232 12043 8587 11208 871 11116 8103
T e A
R,
123 126 13 . 120 - 204 24 258 298 254 250 59
+ + $ + +  + + + +
417 - 440 326 282 294 331 265 263 210 218 266
+ + + + + + + -+ 4+
684 44O 398 385 405 338 313 315 348 317 306
4+ + + + +  + -+ + + + +

122"

[
i}




TEST DATA SHEET
12ND MRDL=2000 (6/59)

TeEST NoO. 417 SURFACE TYPE ____4=C
DATE 1 Sept, 1958 AREA No, A28
PROCEDURE ___ IWF ‘AREA $12E — 40" x 1501

(6000 sq. ft.)

. 11:?_57 l.lfu. %41357 lf.ﬁél 13110 1_2}?12 l_Zf-lB l_}?‘?l 11;'?:49 l_Jﬁ/.é .'LC_)ESB

12506 10585 13881 13184 9836 6582 7531 35 1l 12288 12268 11851
Fa g e PR R

12‘1;-_54 1f"530 latl7 11}200 : 15_f_80 '131.21 12_’{29 1&,{37 l];?_35 ?.937 1}_?00

12_?_ 135_ . 15_?_ li 20_1_ /ﬁg 37_?_ 9#_ 914_ 81.'_. 83_|__
162 /fléo lff?- 161 134.. 1'_7\&._ ll._J[_ 13

240
+ r+
Ly 73 263 . 214 198 383 265 208 21 13 &7
+ + + + + + + + %

+£

.l._
+

~2




TEST DATA SEEET
12ND MRDL-1000 (6/59)

TEST No. _u-18 SURFACE TYPE __#€C
DATE __5 Sept. 1958 AREA No, A7
PROCEDURE ___ IWF AREA S1Z2E 40! x 150"

(6000 sq. ft.)

4422 4791 4405 . 3499 3485 3796 4541 4837 4359 3512 3023
A G L PR

M59 4666 1;093 3659 3261  4L79 43B0 4101 3749 3189> 3326
+ o+ + + F ¥ +

3%?_8 4_3’-_27 4&3 A._J‘._50 Lf A_EB 42?_9 AjfB BZﬁz 3_"56‘ 3_8+§8

+8
+5
15
48
+3
48
49
3
48
48

A
D

7 319 291 ‘451. 256 33 1330
1 F % * ¥

+5

2_191?1 ye 1

200 1% 179 154
+ + + +

+

344 2% 337 40 361 272

+£
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TEST DATA SHEET
12ND WRDL-1000 (6/59)

TEST NO.  ___a=19

SURFACE “TYPE A0

DATE 17 Sept, 1958 AREA No. 4=18
PROCEDURE ____ IWF AREA $12E 40! x 1501
(6000 sq, ft.)
I,
7372 3799 5357 4306 3224 3326 2549 4030 437 A3kh 3697
O A A e A s

6913 7293 4799 6492 5858 . 6711 4865 5761 ‘5987 6029 4009
+ R - FooF

5694 4534 5742 4295 5332 5407 4781 5323 5364 6691 5934
e bl G O G

283 2350 23 176 97 91 93 79 WM 48
16, 176 162 42 133 1% 134 2 12, 12 -7
¥ e g Es

356 g 156 136 153 99 104 07 14 &
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TEST DATA SHEET

12ND MRDL=1000 (6/59)

TEST NoO. 4-20 SURFACE TYpE __*C®
DATE 10 Sept. 1958 AREA No’ A=11
PROCEDVURE INF AREA Sizeg —40'x 1500
(6000 sq. ft.)
I,
13063 14764 14398 12211 12270 '130’78 ‘14.969 347. 12930 15630 13400
Gl S e e e e e
1799, 21345 18460 19510 18980 14011 16873 15494 13979 16778 14,198
| + + + + + .+ + + 4+ o+
8607 10964 1067, 10379 11611 12615 13868 13304 13423 13255 15203
+ + + + + + + + + 47 +
R
238 2”10 193 198 . 208 2L - 198 1 170 169 161
3 T R RO T
434 649 855 390 235 269 229 207 239 1% 220
+ + + + + + 4+ + + 4+
287 304 326 347 342 20 352 321 19 209 204
+ + + + + + o+ 4+ + o+ 4+
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TEST DATA SHEET
12KD MRDL~5000 (6/59)

TEST NO. T SURFACE TYPE ___a=¢
DATE _13 SGEt. 1958 - AREA NO. A=l
PROCEDURE ___ IWF AREA S12E _40' x 2501
(6000 sq. ft.)
L,
6070 B4R6 8530 7397 6610 6922 6420 9661 L1762 13243 12173
+ + + +. + -+ -+ + + +

11522 10619 9839 10863 13004 11824 10937 9739 1037'/ 10870 10027
A e A T T

10274 10791 10613 11127 10830 10934 9987 9129 8881 7501 6271
o F i s R S

[
A
[=]

+
H

125 128 113 . 13 117 105 125 116 Jﬁ? n
| r F £ ¥ % 3 F

134 106 74
+ 1

jo)
AR
o

216 239 260 170 269 492 210
T 2

+
+
+
+
+

645 26 26 2 281 246 282 138 127 100
+ + + + + + + + + + +

8

iz7




TEST DATA SHEET
12ND MRDL-1002 (6/53)
TEST NO, A2l SURFACE TYPE __P=C
DATE ——15 Sapt. 1958 AREA NoO. am30
PROCEDURE ____IMF AREA 3512¢ 32 x 1!
(4500 sq. f£t.)
I,
T
. ]
5206 5465 4765 3568 4592 5818 5099 5399 -
+ o+ ¥R R Y TR PR
t
|
421, 43BB 4445 40)4 4182 3781 4047 4137 3550 3346
T I S e O
| .
L
Sesm
Re !
. : !
45 195 68 215 g 1 ' '
+F S ¥R R R R MoR o9
' , |
182 228
2 5_ /.ﬁ 59? 1341_ 152. 185 2_9121 15 18 1;_;
. I
1 e




TEST DATA SHEET

12ND MDL-1002 (6/59)
TEST NO, ____ 4=22 SURFACE TYPE PG
DATE 17 Sept. 1958 AREA NoO. 4=30
PROCEDURE ____ THF AREA SjzE 320 x 140
(4500 sq. £t.)
I,
|
5867 5817 7589 7401 7081 13 6566 8221 66 :
o - - - A

1

1

§
4661 4130 3969 4887 6202 5061 5851 77 5569 4372 4388
¥ox Y ¥ F vf‘ff+-?—f

s
~2
Al

IJ:?_ 139 68

+
+:

o !
Row oW g w o
I
|

u_;i W g P g >9:‘_ 17 .433,9 i;g' 9
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TEST DATA SHEET
12ND MDL-1002 (6/59)

TEST NO. ——_4=23 SURFACE TYPE ___Paf)
DATE _13 Sept, 1958 AREA NO. 4=30
PROCEDURE ____ W AREA SiZe 32' x 240!

(4500 sq, £t.)

|

1188 1128,
+5 Eﬁ 0 114,5»1.0 l_?‘?lB 1%2}_60 1_1'294 1]_.&13 1‘_)‘212 12_?_43 1&_984 12_;13

}
10210 10661 8606 8439 90 1 |
20 10661 860 9 %0% 1109 oM 8432 859 a5 os)L
_ , |

\

Sean

=
1
153 137 92 348 10 108 87 y
e G T T T S
- " l
i
1
]
14}5_8
|
[}
e

R

a2 1§? 16 a1y o 1y
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TEST DATA SHEET

1280 MRDL-1000 (6/59)

TEST No.

DATE

‘ 4~24
20 sug, 1958
PROCEDURE _.__FH |

SURFACE TYPE =G
AREA No, _— 3
AREA SI12E 40} x 150t

(6000 sq. ft.)

T, j
3978 30 4557 4164 3950 3704 3674 3287 4171 6073 . 6641
e (e (g
A15 4251 4593 4304 3452 3483 3988 3691 4194 3457 2773
¥ Bl S SO - e o
4207 4763 4633 4628 4425 4072 3724 3833 3392 3571 3427
O ol (s i (e
Ry
127 136 14 206 . 133 19 8 2% 8 40
¥ F ¥ F F ¥ O F O+
L9 132 128 107 185 134 400 8 32
I FY R 2 3% %
168 240 22 284 1840 295 L5 126 100 no
+ + + 4+ + + + 4 +
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TEST DATA SHEET
12N MDL-1000 (6/59)

TEST No. A=2 SURFACE TYPE 4=
DATE 2 Sept, 1958 AREA NoO, amlh
PROCEDVYRE ____ FH AREA Siz2E 40! x 150"
(6000 aq. ft.)
1,
5407 4928 4836 4652 4898 4806 4921 © 4401 3981 3161 3256
+ + + -+ -+ -+ + -+ + + +
3202 3804 2921 3521 3107 3398 3906 3095 3441 3545 . 2352
+ + + + + + + + + + +
3652 3754, BIil 4291 4336 3409 4306 3787 2752 3317 3938
+ + + + + + + -+ -+
(!
Ry

190 154, 220 133 125 110 108 90 hui “ 101 54
-+ -4 + + + + -+

160 202 162 156 17 20 132 g8 29 5 | 38
¥ TR R 2R ¥R 1R

P

209 212 475 236 192 202 312 15, 11 101 79

e TR ¥R ¥R %3




TEST DATA SHEET
128 MDL-1000 (6/59)

TEST No. 4A-251 SURFACE TYPE ___a¢
DATE Se 8 AREA No, —as9
PROCEDURE MR AREA SIZE _AD! x 150
(6000 8. ftr-)
I,
2304 2948 1958 3906 3016 852 5197 3440 4274 4215 3510
B - A +  + O+
1853 4029 5844 . 5584 6RAB 2632 /%95 2990 3300 3696 2036
+ + + 4 + 4 -+ - + +
2444, 1283 2338 1957 3006 2880 5050 . 4310 4078 6 4478
¥ o+ AL oo O e A = A
R, .
86 81 7 i 68 3 83 13 5 6
%+ PR O% 0% % 4 @ ou o4
122 108 112 109 116 73 66 115 53 39
F YFFF RS OER A
109 87 7 85 us - 7% 498 60 . 62 60 54
+ + 4+ + + + + + 4+ + +
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TEST DATA SHEET
128D MPL-1000 (6/59)

TEST No. A=2544 SURFACE TYPE _a=¢
DATE 18 Sept, 1958 AREA No, —4=2
PROCEDURE Fd AREA Siz2E —_40' x 150!
(6000 sq. ft.)
I,
403 4374 501, 3981 4069 5377 4675 3873 3820 4055 L3331
+ + + ~+ + + + -+ + + -+
5469 4392 3921 4868 5803 3381 4211 4558 &074 5163 3903
i ol e e A G i
4283 4763 5170 5245 3653 4159 3225 3985 4065 2939 5338
gl A S L s 4
Ry
109 200 113 197 150 06 9 7 s - 75 70
TR R E R ¥ LR R
87 115 98 102 91 88 9% - 80 66 51 42
+ + + + +  + + + +
132 111 136 106 104 97 80 7 7 68 55
Al A e S T T

Lk




TEST DATA SHEET
12K MRDL=1000 (6/%9)

TEST No. A-26 SURFACE TYPE ____4C
DATE 4 SOE. 1958 AREA NO. A=21
PROCEDURE Fi AREA $i2E _4otx1or
(6000 sq. ft.)
I,
10339 10919 12302 12164 13177 13304 11000 13650 12120 13445 11950
+ 4+ + + + + 4+ 4+ 4+ + 4+
11600 13477 12855 18, 14593 11949 -14230 95 05 392 12635
RO IR s U L upe 1w aHos ym
12180 10566 13196 1179, 11750 - 13126 11622 516 12504 12266 12746
RO e e LT aIpo Apee i e Ao e
Ra
166 175 172 174 ug 10 143 120 8 50
+ £ %% f 2 3 %
183 160 129 152 L0 B0 139 ij 107 71 &
+ + + + + .+ +
T 255 25 19 176 18 189 150 . K9 10 8 %
+ + + + + + -+ + + + 4+
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TEST DATA SHEET
1200 MRDL-1000 (6/59)

TEST NO. a2
DATE 18 Sapte 1958

PROCEDURE ____ FH

SURFACE TYPE __4C

AREA No, =12

AREA $iZ2E 40! x 150t
(6000 sq, ft.)

L.
gosL  9%E 10467 878, €381 9169 1048, 1013 8519 @362 982l
flll o ol <
9282 7758 8305 0031 10127 €508 7788 8542 9108 8436 6865
+ + + + + + + - + +
10116 1478 11346 9952 9987 10637 11163 10745 10060 9842 9818
+ + + o+ o+ o+ o+ o+ o+ o+ o+
R
0. 181 6 1@ 106 % 7 107 8 7
i - A - I ST 4 +
18 179 22 16 95 1 7 7%
R A A e T
172 172 153 U2 136 6 133 121 108 1% 6l
B S N S N S T
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TEST DATA SHEET
128D RRDL-1000 (6/%9)

TEST NO.  ___ A27 SURFACE TYPE __._4C
DATE 30 sug. 1958 AREA No, A=9
PROCEDURE __FH AREA Si12€ —40' x 250"
(6000 sq, ft.)
Yt
R

3638 3892 3802 3857 3760 3879 ASST  44l6 4207 4387 4506
+ + + + + + + + + 4+ +

3638 2718 3057 3193 3250 3925 3892 3459 3254 3159 4613
Sl A R A S - A <

4128 3_?55 3’_7£4~ 4;1}._89 47 4_3‘26 4%5\_4 41_84 " 4319 3_?}5 Aﬁl

53'{_ 29_?. : A_lﬁ | ll_fl 9_8¢ 12.1._ 5_3‘_6 82‘0_ '7_?_5 ]J_ﬁo

462 0 17 373 ém 4Wwé 462 2090 1740 1860 432
. +

+8

R R R
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TEST DATA SHEET
128D FRDL-1000 (6/59)

TEST No. 4=28 SURFACE TYPE __a=C _
DATE 2 Sept, 1958 AREA No, 412
PROCEDURE Fi AREA SI2E 40! x 150\
(6000 8Q. ftn)
-
-+ r
337 43_26 4207 5230 3890 4592 4019 4666 3882 4541 37H6
+ + (R SO i A
4934 5506 4973 538 4893 5588 5136 5520 4882 4018 3401
+ + 4+ + + + + 4+ + +
W50 5901 4386 5543 4857 5485 4805 SA34 4055 5107 4062
i G L O s
R.
299 3 297 33 662 67, 405 8 27 280 . €8
% ¥ 31T 2 7T TR XY HE TR
646 812 1390 . 570 482 336 230 229 325 261 93
+ + + + + + + + + + +
230 251 1135 402 261 K2 3T 428 218 60 239
+ + 4+ + + + + 4+ + + +
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TEST DATA SHEET
12D WRDL-1000 (6/59)

TEST NO.  ____ 4=20 SURFACE TYPE ___4=¢___
DATE _6 Sept. 1958 AREA No, .
PROCEDVRE ____F8 AREA S1z¢g —_4D' x 150"
(6000 sq. ft.)
. L
£
C U972 13621 15238 13485 13239 14876 13870 13987 13773 13979 15642
B S Sl el g e ol e e <

E)

16213 13435 139l 15612 12866 15353 13671 ‘12583 15914 16200 15489
R e R AR X -I—-i‘_+'

14400 14919 164709 15670 15908 81 13103 11254 8865 13218 11258
il G A e sl -

E o . " _ 334_ ie g’_a ?fﬁ ’1_?_5‘ 1:7& gr_a z_z{g 1_|6_2 7-34—
9 R P E e Py oW e

343 319 3230 250 220 49 195 204 U3 9 89
+ ¥ ¥ + + + + + + + +

+8
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TEST DATA SHEET
12ND MDL-12001 (&6/59)

TEST NO. 4=30 SURFACE TYPE P=0
DATE 5 Sept. 1958 AREA NO. A=29
PRO CEDURE FH AREA SI2E 40" x 100!
(4000 sq. ft.)
IR'
2887 g 3601 3862 4584 4723 4604 4376
-+ + + + + + -+ +
2948 3929 3904 3539 3449 2939 3054 2936
% SO - A < &
3569 3 o7 3315 3409 3386 3170 2946
O S O - - - A

R,
109 134 114 8 83 105 137 46
+ F + i + + ¥ %
A A

%

+3

1ho




TEST DATA SHEET
128D MDL-1002 (6/59)

TEST No. ___a=3%t = SURFACE TYPE P=g
DATE Sapt 8 AREA NO. A=31
PROCEDURE ¥l AREA S)ZE 2! !

(4500 sq. ft.)

T
7009 12720 8929 12968 9016 11036 11916 13|523 5692 13256 10285
+ + + + + o+ + F T+ T+
1

) i
'sgfs 0 s 448y g T2 9y 1_4_946 Lge2 4852 6256
SF , l

5

R« | v

]
A=~ o
b3
g
[=)

191 09 209 18
+ + O+ -?13&23313‘?1-3-1#1-2"7.”%
I
. I
uioowow iy i w1y 14;3 Y7 g2 1R
i
' i
1 —_—

1kl




TEST DATA SHEET
128D MRDL-1001 (6/59)

TEST NO. 4=32 SURFACE TYPE 20}
DATE 18 Sept. 1958 AREA NO. 4=29
PROCEDURE Fil AREA SIZE 40! x 100!

(4000 sq. ft.)

L.
718 8370 9506 11385 12014 11120 9437 10005
+ o+ + - - -
13384 14,807 10915 9869 10602 11326. 9883 9667
¥ i ¥ i S %

13:60 12_|2_86 1_3#76 . 1_?_640 1_0‘é39 1_?_845 ) 153978 ];¥§82

J L B

A
n
[«]
N
O
oy
DY
o

218 13

+
+
+

TR B A
oMoy owow o owow ow
N 1?+8_ 11‘?_ 1‘1 . 135 B % % 54

1h2




TEST DATA SHEETA
12ND MRDLw100% (6/59)

TEST NO. 4=~40 SURFACE TYPE a=C
DATE 20 Sept. 1938 AREA NO, — 840
PROCEDURE Swpr=CUF AREA SI2E 32} x 200!

{6400 =q. ft.)

L«

10273 10678 9803 10591 11266 11579 10932 9393 9736 10472 9650 8843

i i i i H e

11754 10524 9340 Qf'? 10215 11740 10263 9631 11134 9810 11304 11507 12772 10327
+ + 4 N O S e e

Re-.

[. 2240 1510 1190 1165 1005 1090 970 820 1175 1930 1024 1145 884 1235
+ + + + 4+ 4+ 4+ + + A+ o+ + + o+

765 1327 1355 3115 1265 2130 65 1975 1920 3 3255 2565 2770 3110
3 X i i i (o

TR % 49939 %4990

Rilfﬁlgﬁ 1_11'19'_7# 1_7‘} 1_8,’_71:9'9 13& B_Izl: 33? Z_J'Evliél?&_
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—. 1) . B

DATE __ & SE&PT

TEST NO. AR/

AREA NO. A2 3 (5032
s1ze _3o'x y&’

NO. STATLONS /5"

PROCEOURE WA7ER _&Zkvor1

RATE _60_ A7/npss/

SURFACE TYPE _T4AR # Gewvee

COND. _F4rR

WIND DIRECTION __ A/
SPEED../~2__AWors .

BCKGRND. CRCTN __©. £ cas

MID TIME:
INITIAL
FINAL _
OIFF, __o2i3e

DECAY FACTOR __s0%0

0820
4o SO

LECEND;

+ station rudinjs {aps)
O pan smilﬂ (8/11%)

7, initial resdings (cps)
R, residual uadiﬁgs (cps)
Fr

frastion remaining

w g bs

Fo60 2827 2059
{ 2Y0/ 25 e
" * + +
)
]
n 2697 avea  am.s
W o —— T ——
\‘
| 2292 226 azn¥
4 /? &
269 26 2IEY
37 -+ +

In= _asa.9 ¥t aw-

13 m9 29
73.¥ /8.6  r04

- + +

ro 5y 68
i e e

+ +
€ M sy
/N
Rp = 27 £3.2
.O.v ) 'L’ ""
w4 es
R + -

o ‘.03 03
— + g = 4 —
ot ;o7 w08
+ + +
N ¥ q?

T + ;

1Lk




DATE 12 __SEPT

TEST NO. _AR 2
AREA Wo. _AR 5 (602 )
S12E_30'x 48’

NO. STATIONS 7

PROCEDURE_WATER RBRoo/7
RATE. &2 _Fr S pew

30 g/#i*

Aokl ke  AME
L ol 4

SURFACE TYPE ZAL ¢ GRAVAL

COND. _£AsR

WIND DIRECTION _SW __VAR.
SPEED 3 X K075

BCKGRND CRCTN __ /- 2 ¢ps
MID THME:
INTIAL __ofag
FINAL 10 4%

DIFP, 02120
DECAY FACTOR ___/. 040

LEGEND:

+ station readings (cps)

O 'pen smmples tc/uz)
11"
Ry.

Fg fraction remaining

initial resdings {cps)
residuel resdings (cps)

T T
I 2é08"  afus  aeee
F + +
N
N
n FLL4 aWI0 206
n + b —  ——
hl
1 203.% ol ara.?
i + +
2997 X 5FL
3275 7'
T, = _asuzo * 32,5
A S Y 'Y 4
»n 20 .2
* 1 +
73 o] ”"e
SRR ——
Iy ”,r T
A LS A v
1% ;
R, = _sfag T30
w7 o7 -
~+ +
K s -3
- + B
O0F % g
- 4 . = + ——
o s 5
+ t+ +
.l‘7 .0 Do
> + +

1h5

Mon dm e e a e T St




100 9/ Ft*
ROOF_S. 343.5‘ "'f” 3;"4,4

T 1| - T

306.3 330/ Q30y
f + +

DATE o SELPT

TEST NO. _ 4K 3

AREA NO. _AR ! (o) | '
SIZE 30’ X zg_’ ek 3117.7 51:4

Wa. STATIONS 4%

ST 3Ny 32de
—— F -+ — +

— LTTHAE —

0L gy 37
PROCEDURE W47 £A deouvpry 9%é3 0 T n

RATE 60 7 ’//\7//\/ -!_r = 33_" /'._i- 2" é
SURFACE TYPE Za£ § CRAVEL :
’ COND. __FA’R

»3 29 X3

WIND DILRECTION __ £ [ A R
| ispg:'p‘ b6 KKHoTs . 7.4 ' ".*r “
BCKGRND CRCTN __©. &~ . o

MID TINE: e L

INITIAL 2855~

BIFF. ___ _o3:f5 R A
o ] s47.) A i
DECAY FACTOR _Z.¢7 : _ o
' _ Ry == _ £57 1 2.2
LEGEND: - : N T | re
+ station readings (ops). ' .
O pan semples (3/!‘1.2) _ - - o2
I, initie readings (cps)
- . a D’-’ s
R, residual readings {cps) J O g S
F, fraction remaining , 0 -
i @ @ g
23 .o'r 'f"
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o - BOOFS

DATE & SsEPT

TEST NO. _AR ¥

AREA NO, _ 42 & (603)
stze _ 32 x_ o

NO. STATIONS __ /5

PROCE DURE /A4 745£ BRoom

RATE _ 28 <7 > r

SURFACE TYPE 722 £ GR&VEL

COND.._ <92

WIND DIRECTION __A/uy
SPEED /9 kNo7S

BOKGRND CRCTN __o0. &
MID TIME:
WITIAL__ /355"
FINAL ____/625 :
" DIFF. 02:3e
DECAY FAcron;A?_‘LL‘

LECEND;

+ station readings (eps)
O pan samples ls/ftz)'
1, Initia) rendings (cps)

R, residusl readings (cps) -

'Fp fractien remaining

R

— AT XLg—

e

1%.¥ /6.0 “re

1 T

N ey ¢
J + +

VE 1 ’97 196.0

r03-6 770, AM.0
: t +

L EEYN 4 (223 .ul".f
x8.7 T
Tr= ser t 44,2
'z +% Wwo 7”77
t ~+
157 /‘;J T
/6.7 &3 -/1.4_
et 4 meinan .+ -—l-—~. f ————
587 ./ /#e
t +
22,/ :ﬂ‘ /fz
bro: = $ +
Rp = _ag1 ¥ 17,
oo .'/{ 4o
- - .
I 4
09 35 )
T b e Y e T ]
5 Ny N3
T
".’ /7 07
FTES ! v

17




DATE 4] SELG

TEST W0. _ 4L &
AREA NO.__ A2 2 _[604)
SIZE __ 3o x 4a’

No. ST TIONS /5"
PROCECURE WAZER 8Razrmg

CRME Lo2  ET L

SURPAGE TYPE ZAR _F GRFVEL

COND.__FArR
WIND DIRECTION S W' '

SPEED &£ AkNoT$
BCKGRND CRCTN __0.6
MID TINE:

INITIAL _ 2240
.FINAL —_—tlge
DIFF. 30y
DECAY PACTOR_ 009

LEGEND: _

+ . statfion readings {cps)
O pan sanples (‘/;‘tz)

I, initial readings (eps)
R, residual readings (cps)

Fp fraction renaining

148

30 341
282.2 9.4 a3

avr/ L2 avly
+ + +

2653 e 1By

ekt

— LaF¥lE —

af%e  agea avéeé
i- + +

[ 233 amé  19F
13758”

Tr = Laffef 245

284 1284 0¥

)7_-1 2.4 ) ﬂn’

e ME ”wE

B e e

273 '/?o wy

707 /4.0 246

TS

.87 109 N
s -t +7
o1 b 25
= = ¢+ — +




ROQFS

DATE . /3. _SE&EPT__ .
TEST NO. . AR 6
arer v, _ARé (eo02)
SIZE 30°X 40’
No. STATIGNS . /5.
PROCEDURE WATER BRoosmy

RATE . 9o Fri/run

SURPACE TYPE 7R f GRAVE.

COND. ...~ /R,
WIND DIRECTION W -SW
SPEED . 7 . KNors
BCXGRND CRCTN ~ &8 cps
MIR TIME: .
INITIAL . .29#3
FINAL . . /¥%% .
DIFF. ... o5:0) .
DECAY FACTOR <. #2

" LEGEND:

+ stetlon resdings (ops) -

O pan samples (‘/'rt-z)

I, initial readings (eps)
R, residual readings (ops)

F, fraction remainipg

J20.4 "2Y 315/

aaf.. 'y Jz-r a:_v-'?

6.2 26,2 310
v*-

2939 3300 YIEY
+ + +

L 39576 3 19289
53b4.7

Tp = JSzept 50.¥

. a%y 2.3 . 3L

254 #eS  £ad
s + + -

z0.Y 3ré 3.6 .
P e

My P I
+ e +

a7y Ass 6
% 90.9

@7 I/ N
oF "3 S
+ + +

i




70 g/.ft b
ROQFS LI e &

No.9 /8¥.1 134Y

DATE _ & S&pT oo+t

TEST NO. _ 4R 7 .

AREA NO. _AR_J_@L_)_' ¢

SIzE _Fo'x 337

/88 1307 A9

— bt — ]

7T ETVY T T

: —- + + +
MO. STATIONS ._._ /5
yAWYX BT Y
PROCEDURE. _WATER B@oor 2% v 20099 ~ sSTREET =
RATR 340 ps S Tp= BRetorm
SURFACE. TYPE _COAMP._ 3M14/ Gl
CcoNp., _Geed .

2.7 2.3 2.0

WIND. DIRRCTION W/ - MW

SPEED _so  Kk+ors 79 2 e

_ ‘, +  F %
BCKGRND CRCTN .. ©.7 €PS . ‘
MID TIME: ' ‘ e W

: b —
mIriiL_ /5esT - '
FINAL ;_“45131_
011-*1_?'.' —— B30 ¥
DECAY FACTOR _/: 9%

7.6 22 o2
t o+t

LEGIND:

+ station readlngs {ops)
O pan samples (g/;'tz)

1, initiel readings (ops)
. residual readings (eps)

.fl

Fr fraotion remaining




= ROOFS

DATE Yy s&pi

TEST NO. __AR¥

AREA NO. AR/ (1343)
8178 _ 30’ 5o’

NO. STATIONS .. 2¢

PROCEDURE _WATER. BRoop

RATE 320 ~£7 %/

SURFACE TYFPE €0/7°, SmiM6d.

COND._<o2e0 _
WIND DIREOTION _.Sw/
' SPYED /0 ANors
BCKGRND CRCIN __©.& c¢ps
MID TIME:
INITIAL @239
FINAL ___o¥20
DIFF, 5o s
DECAY FACTOR _ 0/

LEGEND:

+ station readinga (ops)
0 p§n samples (g/rtz) '
initial readings”('cps)
R, resldusl readings (ecps)

F, fraction remaining

151

30}9/#"

Hépo JovB 34p4 EY)

3IFS ¥uo 3927 223.%
+ + + +

LYY Yg.o- 28
+ A'mfo 5‘7{1‘_ +

ary. gy WY  3/.Y
¥ + + +.

‘ 010 YihY¥  3BE_ 3Ing

XX - 7Mbb —STREET '—

Tr = I72 3+ //4'..?

[ & 21,8 233 a0 f

/6.0 22.3 av.2 /8
+ + + +

Y 4 a8 3e.0o 130

b e f ]

w5 %6 266,89
+ + +

Wy 27.4 agry 224y

e 3
Ry = 22.3>+3.¢
. A, ., D))
ey Y’ o6 26
+ + +
] e o5
o ——— o ]
o5 g ”» 2
+ + + +
JL .97 o7 27
laf




ROQES

DATE /d FERPT

TEST NO.

AR S
AREANO. _A29 (1328w
SIZE 30 X 33
NO. /5
PROCEDURF, _WA7ER BRoors
RATE 2%/ A7 mri
SURFACE TYPE 272, SHcMoe
COND, _£23d¢0 _ _
'WIND DIREOTION .Jw - Vag,
SPEED ___ 3 -2 AnNerw
BCKGRND CRCTN __/.J"_<ps
MID TIME:
INITIAL 2% =
FINAL ___ (22
. DIFF. — oo
DECAY FACTOR .Z:037

STATIONS

LEGEND:
+ .
O
.Ir“

Ry

Fr

station readings (ops)
pen semples (g/ft%).
initia)l readings (ops)
reaidual readings (ops)
_ traction remaining

100 g 41

$20.4  see1y Wy
846 I3 1007,y
+ +
2202 voy./  782./
— b — b — ——

w2y 9454 a3
+ + +

938" 3/6.5
—~STRRBY o=

Tp= _ZP28e 2 1651

yo/3

jo.7 FIY ol
ana 2.0 23.9
+ + +
e a9y 2p
P o = o —— ¢ ——
T Ji./ o
-+ + o+
35 ¢ Wiy ¥ 3

Nagts. e

Rr =
‘..0.(__ X
g
| g
P oY
07 06 07 .

Y= il .o
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OFS

DATE /8 Ss&pT
TEST NO. _4R /0
AREA NO. A2 /2 (13:9)
SIZE __30'x $o0’ _
NO. STATIONS _ _<©
PROCEDURE _WAZER BRoorM
RATE 640 /7 709
SURFACE TYPE <omh. suwin/es
OOND, _G2e®
WIND DIREOTION A - ~i
SPEED A .
BCKGRND CRCTN __©.46
MID TIME: '
INITIAL Q22387 -
FINAL /00
DIFF, ____o¥3p2

'DECAY FACTOR __s285

"LEGEND:

+ statiﬁn readings (opé)
O pan samples (s/rtz)

I, initial readings (eps)
R, residual readings (ops)

Fp fraotion remaining

e 9%t
Y2y 423 oy da.e

990 N7 r00.6 yi.o
L

2.0 2  IRé 7/
+ f—t — ——

1228 wr Y ol [’ |
+ + + +

2.2 03 o294 20E

Exe/blb/

fr = fi¥o T 223

2.¥ LLié &.9 %

7 ¥ 7 g b
+ + + +

6.6 A rvy s

—— F — Tt — T —  ———]

9./ Mé; 2.5 73
+ + + +

Y e 3o oy

.ﬁr = - Pe¥t2 3

'/r 7 )3 .‘/

N4 R 86 97
T 1 ¥ 7

09 N B

¥ ’ o 114
‘1 g7

S A M ar

2.6¢

7, = o8 X,037
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—DOOFS

DATE F  LEPT

TEST NO. _ AR //

AREA NO. _d_z._&[AJ_/Ll
s1zE __ 30 x 50

NO. STATIONS 20

PROCEDURE. WA 7£R 3 Roors

RATE %55 £z Sy

SURFACE TYPE C247R. SHIAGL.

COND, _G200
< w

WIND DIRECTION _ T W

SPYED ___ 6 -7 &Ae7S

BCKGRND CRCTN __ /.5
MID TIME:
INITIAL _ /8"
FINAL /328
DIFF. __ofi¥3

DECAY FACTOR _/t. 23 .

LEGEND:

~+ station readings (ops)
O pan samples‘ (g/rta) :

initieal readings (epa)

R, residual readings (ops)

Fyp fraction remaining.

154

30,9/Ft>
B2 2622 277.9 _aMP

2567 3927 4972 243,
+ +* +
2109 Jedo Jm,7 2N/
P m—— — ]
I 47 wh. o  we 3 L
+ + + +
233.5 3¥3.2 Fv&9  Jna
ty: LyT3 —STRaSy —

T, = 3275t 548

6.0 A6 3es 3o,

54 22 asy 2f
I + t- +

"y 2r§  ar} ay.o
t—t —t—t
/93 203 a2 2K2
+ * + +

——

vy afia  avs 363

7
-R.r — a f,ﬂ'.l. z I,O
N L 4 W74 i
et 2% 04 ry
LR +° +
.07 107 04
t—t— +— f —

VR B
+ F oo+ 4

P T4 N 57

757
Tr= et to




ROOFS

DATE /3 S&ERPTT
TEST NO. _A R /2
AREA NO._AR 10 (1338 <)
S1ZE __32x 5o’
NO. STATIONS .__<29°
PROCEDURE, MWA7&R &Room
RATE _ 90 £ 7/ inn
SURFACE TYPE CoMP Smme.s
COND, _Fos2
WIND DIREOTION & - N W
SPYED __A ANezs
BCKGRND CRCTN __ 3.8~
 MID TIME: - '
INITIAL ___c22¥
CPINAL 2338
DIFF. 23:/0
DECAY PACTOR _/:2873"

LEGEND: =

+ station readings (ops)
O pen samples (g/ft°)

I, 4initiel readings (ops)
"Ry, residual readings (ops)
Py frection remaining '

155

/40,9/./.-.' ~
—lfE3 3§29 (723 /83

aAs¥.7 aswY > arda
+ + + +

70,5 3¢k 6 34¢7 3623
+t—Fr—F —

3357 M3 I8 Hewy
¥ + + +

fz 1G.F

25%. Fe33d  arny}
— RTREEY  —

I, = _#23391t14.9

18 23 @ w0l

2.0 9./ 1 4 rr
F

+
ase 150 72,9 a7

el Y (e —

e aweé E V) Va4
+ + + +

/R 3% k1 X] 24!

Y74

-ﬁ!' = ‘z!z i') .2
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APPENDIX C

CONVERSION OF RADIATION MEASUREMENTS TO MASS UNITS

C.l A calibration factor for the mobile shielded detector was
established for each surface; this calibration factor was then used
to calculate a conversion factor for determining mass levels. The
complete derivation of these factors is discussed in detail in

Vol. I of this series of reports. .

1
bl
k=§f?

where k = calibration factor, counts per disintegration per square

foot (c/d/ft )» accounting for surface roughness and
backscattering

Ir = average initial intensity of contaminated surface, in counts per
minute (c/m) obteined with mobile shielded detector

MD = average weight of contamina.nté in grams per square foot

¥ (8/£t2) determined by 1.22 ft© pan samples

S = specific actlivity, in disintegrations per second per gram(Q[g)
measured in a L-pi ionization. chamber.* g

(c.1)

As can be seen from Table C.l a considerable variation in the
value of k was found. This variation 1s attributed primarily to
instrument error or variability and to rearrangement of the contami-
nant by the wind between successive meassurements. A k of constant
value, denoted as k,, was determined for each surface by a simple
- average of all suitable values. To determine mass levels using kg

kg X8=C (c:2)
Ir '

¥The calibration i“e.c'l:ox8 used for converting the readings from the
4-pi ion chamber from milliemperes to disintegrations per second is:

3.30 x 10717 g;ﬁ
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= =M (.1

wvhere C = a conversion factor, _C_[&r

ft
M,= calculated initial mash, &/ft2
R,= aver;.ge residual intensity of decontaminated surfce,
in ¢/m
M = calculated residual mass, 5/15‘1-,2
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Explanation of Tables C.1 and C.2

(1) Time. Time that initial reading was taken; all radiation dats
have been decayed to this time.

(2) Wind Speed. Wind speed at time (1) obtained with a hand held
anemometer. .

(3) . The average weight of the contaminant deposited per square
—_ foot by the dispersal device. The contaminant was collected
in 1.22 ft2 pans placed approximately every 500 £t2 in the
contamination pattern.

(%) ?a.n Count. The average one minute count determined in a large
soale counter for the pan sample (normalized to 1 £t2).

(5) 8. Specific activity determined by h-pi ion chamber on & semple
taken from pan (3) above.

L)/(60]

(6) ¢/a. Tne ratio of 1/3Fhe; c/d should e & constant value for
) ~ all cases. ) ’
(7) k. Calculated value. k = 10 ; K should be a constant value
= 3) X (5)
for all like surface . :
(8) k- Average value of k.
(9) c. A cox(:ge;rsien factor depend.ent upon speciﬁc activity (5) a.nd.
K
(10)

e

. Avera,ge initial count of the test area taker with the mobile
shielded detector. , '

(1) M. ‘Average initial mass level; the ratio of (lO)/(9)

(12) R_. Average residual count on the test ares taken with the mobile
_r‘ shielded detector.

(13) M. Average residual mass level; the ratio of (12)/(9).
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